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In vitro fertilisation I 
Held of invention 

The present invention relates to in vitro co-cultunng of oocytes and spermatozoa, in 
vitro fertilisation (IVF), and in vitro cultunng of fertilised gametes, wherein the 
cultunng conditions compnses lowered oxygen tension in the entire cultunng period 
or lowered oxygen tension in periods ol the cultunng penod The invention further 
relates to in vitro maturation (IVM) of immature oocytes or spermatozoa, co-cultunng 
the matured oocytes with sperm cells to fertilise the eggs 

Background of invention 

In nature, fertilisation occurs by sperm cells being deposited into the female of 
warm-blooded animal species (including humans) and then binding to and fusing 
with an oocyte This fertilised oocyte thBn divides to form an embryo Over the last 
several decades, the use of assisted reproduction techniques has allowed scientists 
and clinicians to intervene in these events to treat poor fertility in some individuals or 
to store sperm, oocytes or embryos for use at other locations or times In vitro fertili- 
sation (IVF) involves collection of eggs e g by laparoscope followed by mixing eggs 
and sperm and culture of the embryos before transfernng them to the uterine cavity 
of the female to continue their development A recent innovation has been the intro- 
duction of the technique of intracytoplasmic sperm injection (tCSI), in which sperm 
are microinjected into the egg cytoplasm 

At each step of the way, in vitro intervention decreases the normal survival and 
function of sperm, oocytes, and embryos Much research has been dedicated to- 
wards improving these procedures, however, overall success remains limited For 
example, less than 20% of IVF attempts result in the birth of a child Oocytes and 
embryos also show significantly disrupted function after culture Thus, in spite of 
several decades of work, much room remains for improvement in the field of as- 
sisted reproduction technologies and especially in gamete and embryo handling, 
culture, and storage 
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There is a particular need for improved oulture conditions to support mammalian 
oocytes and embryos A high percentage of embryos that are fertilised or transferred 
in vrtro cease development prematurely The consequences are feh at both the eco- 
nomic and the human levels Many programs of fertility treatments for humans in- 
volve the in vrtro fertilisation or transfer of oocytes or embryos The success rates of 
human fertility treatments are not high The low success rates impose substantial 
economic and emotional costs Even incremental improvements in the success rate 
can be of substantial benefit One of the many causes of the low overall success 
rate is the f requent failure of embryos to grow and develop properly in vitro Im- 
proved cultunng conditions to better support embryo growth can not only enhance 
the success rate of fertility treatments, but ironically can also reduce the rate of mul- 
tiple pregnancies resulting from the treatments Because the overall success rate of 
current methods is low, practitioners often implant multiple embryos to increase the 
likelihood of pregnancy. Implanting multiple embryos increases the likelihood of 
multiple pregnancies as well If eaoh individual embryo were more likely to survive, 
then the perceived need to implant multiple embryos simultaneously would decline, 
and the rate of multiple pregnancies would decrease 



Pnor art descnbes different culture conditions In US 6,140,121 nitric oxide ad- 
versely affects survival and development of cells such as oocytes and embryos in 
vitro, particularly in a co-culture system, The addition of a nrtno oxide inhibitor such 
as hemoglobin to such systems eliminates this toxio effect, and promotes mammal- 
ian oocytes, embryos, or other cells in vitro 



US application 20010028878 descnbes a method for in vrtro maturation of a human 
oocyte by cultunng an immature human oocyte in a cell culture medium for 10-30 
hours The maturation end point is metaphase II 



US 6,140,121 descnbe methods and compositions to improve germ cell and embryo 
survival and function Sperm, oocyte, and embryo survival and function is improved 
in vivo or in vitro by the use of a polysaccharide containing arabmose, galactose 
and/or hexuronic acid In particular, a nonspermicidal lubncant containing suoh a 
polysaccharide (e g , gum arable, pectin, or galacturonic acid) increases the fertili- 
sation potential of the sperm dunng coitus, artificial insemination or sperm collection 
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Similarly, a freezing medium containing a polysacohande containing arabinose, ga- 
lactose andfor hexuronic acid enhances sperm, oocyte, or embryo viability 

US 6,110,741 describe Gonadotropin releasor hormone-containing composition for 
embryo culture and method for in vitro fertilisation In vitro incubation of pnmate em- 
bryos in the presence of added exogenous gonadotrophs releasor hormone 
(GnRH), results in enhanced chononic gonadotrophrn production associated with 
increased survival and attachment of the embryos Treatment of in vitro fertilised 
embryos with GnRH can be used to improve implantation Agonists of GnRH reduce 
attachment competence of embryos and are thereby useful as post-fertilisation con- 
traceptives 

US 6,050.935 describes an intravaginal fertilisation and culture container including a 
main chamber and a micro chamber 

US 5,882.928 describe in vitro maturation and fertilisation of mammalian oocytes 
An in vitro fertilisation method compnsmg cultunng mammalian immature oocytes 
obtained from a mammalian ovary very early in the mammal's menstrual cycle in an 
oocyte maturation inhibitor-containing culture, removing the inhibitor and maturing 
and fertilising the oocytes to produce embryos for subsequent utenne-implantation 
Preferably* the inhibitor is dbcAMP 

US 5,837,543 describes a Human embryo co-culture system wherein an oocyte 
from a female is contacted with a monolayer of cuftured human tubal epithelial cells, 
inseminating the oocyte, and transferring an embryo back to said female 

US 5,730,777 describes an apparatus for performing operations under a gaseous 
atmosphere in a closed chamber compnsmg performing the operation in a housing 
comprising i) first chamber walls defining a first chamber containing a gaseous at- 
mosphere and n) second chamber walls defining a second chamber substantially 
enclosing the first chamber, the second chamber containing a gaseous atmosphere 
between the first and second chamber walls 

US 4,892.830 describes an environmentally controlled incubator in which the enclo- 
sure of the incubator chamber strongly attenuates the transmission of light having 
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wavelengths below about 500 nm for protecting biological materials within the 
chamber from toxic effects of short wavelength fight The incubator also includes 
sensors for determining the oxygen and carbon dioxide concentration within the 
chamber and means for adding carbon dioxide, nitrogen or oxygen to the ambient 
gas within the incubator ion order to maintain the desired levels of carbon dioxide 
and oxygen It was discussed that the normal oxygen concentration in air (21%) )s 
toxic to mouse zygotes and pre-embryos. If the oxygen level is reduced to 5-10% 
however, this inhibition is not observed and the embryos continue to develop 

WO9830676 descnbes a method and incubator for cells and tissues, in particular 
sensitive cells and tissues, such as oocytes, fertilised oocytes and pre-implantation 
embryos, which require highly stable physical and chemical environment for in vitro 
development, are cultured in closed containers submerged or immersed in thermo- 
staticaMy controlled liquid baths, the containers being provided with an appropnate 
inner atmosphere containing, e g carbon dioxide, oxygen and humidity in appropn- 
ate levels 

W09967364 describes a medium for the propagation of early stage embryos to 
blastocyst stage The medium contains an effective amount of human GM-CSF to 
increase the percentage of pre-blastocyst embryos which develop to transfer ready 
blastocysts Also it descnbes a method of growing early stage human embryos to 
transfer ready blastocysts The method includes the step of incubating the embryos 
in vitro in a culture medium containing an effective amount of human GM-CSF for a 
time and under conditions to increase the proportion of transfer ready blastocysts 
An IVF program that includes the method of growing early stage human embryos to 
transfer ready blastocysts is also descnbed 

WO00321 40 describes the following Instead of immersing human reproductive 
cells in a single culture medium throughout the various procedures used in IVF, a 
process is provided by which the reproductive cells may be moved through a se- 
quence of distinct culture media as the various IVF procedures are earned out 

Summary of invention 

The present invention relates to a method and a system for producing a mammalian 
pre-embryo having a better quality than prior art methods, whereby the probability of 
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successful pregnancies with in vitro f ertifisation u$mg the pre-embryo obtained by 
the present method is increased 

The method for in vitro producing a mammalian pre-embryo comprising the following 
5 steps a) providing gametes selected from a mammalian oocyte and a mammalian 
spermatozoa, b) cultunng the oocyte and the spermatozoa, c) fertilising the oocyte 
with the spermatozoa Obtaining a fertilised oocyte, and d) allowing cell-division of 
the fertilised oocyte obtaining a multicellular pre-embryo, wherein at least one of the 
steps a), or b) is conducted at an oxygen tension below 1 5 % 

10 

Furthermore the high quality pre-embryo may also be used for embryonal stem eel! 
production High quality embryos have cells with an increased amount of inner cell 
mass, leading to the development of an increased number of stem cells 

15 Definitions 

fn the present context the term 'apoptosis' should be understood as a controlled cell 
death, where the cell itself destroys its nuclear DNA, envisioned by DNA stand- 
breaks 

20 In the present context the term 'blastomer' is the smaller cells occurnng in the 
embryo following cleavage of the embryo 

In the present context the term 'blastocyst 1 is the embryo consisting of a cluster of 
cells following early oleavagB of the fertilised egg, consisting of outer cells that have 
25 the potential to form placenta and an inner cell mass with the potential to form an 
embryo 

In the present context the term 'embryo' is the fertilised egg which constitute one cell 
with two pro-nucleus, or the fertilised egg has undergone cell division and constitute 
30 from two cells to a ceil duster 

In the present context the term 'gamete 1 is either an unfertilised egg from a female 
or a spermatozoon from a male 
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In the present context the term 'implantation 1 means transfer of an embryo to the 
female uterus 

In the present context the term WW means 'rn vitro maturation' 

5 

In the present context the term - l VP means 'in vitro fertilisation* 

In the present context the term 'lowered oxygen tension' means an oxygen tension 
below 15% 

10 

In the present context the term 'MF-IP is an oocyte in the stage Metaphase of the 
eeoond meiotic cell division A MF-II oocyte has one polar body, expanded cumulus 
complex and has finally gone through a germinal vesicle break-down 

15 In the present context the term 'oocyte' is a gamete obtained from a female The 
gamete may be immature or mature 

In the present context the term 'oxygen tension' is the concentration of oxygen 
within the gaseous phase of the tissue or of the surroundings of the cell culture 
20 systems 

In the present context the term 'oxygen tension unit' is used to descnbe the change 
in the oxygen tension, e g is a change from 3% to 5% a change of 2 units 

25 In the present context the term 'pnmaiy oocyte* is an immature oocyte The oocyte 
is immature until it has finished the first meiotic division 

In the present context the term 'prophase IP is the stage of the prophase of the 
second meiotic division 

30 

In the present context the term 'spermatozoa* is a gamete from a male The 
spermatozoa may be immature or mature, in the latter stage it is capable of, by 
penetration, fertilising an oocyte 

35 In the present context the term 'zygote' is a fertilised egg or a 1-ceFl embryo 



6 



17/06 2002 14 51 PAX 

PB40 0KOO 




In the present context the term 'zona pellucida' is the embryo shell 
Description of Drawings 

Figure 1 illustrates an embryo scoring system based on Van Abbel et al 
Figure 2 illustrates a cumulative embryo scoring (CES) system 
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Figure 3 illustrates an incubator 
Detailed description of the invention 

The following description discloses a method for cn vitro producing a mammalian 
pre-embryo comprising the steps of a) providing gametes selected from a 
mammalian oocyte and a mammalian spermatozoa, b) cuitunng the oocyte and the 
spermatozoa, c) fertilising the oocyte With the spermatozoa obtaining a fertilised 
oocyte, and d) allowing cell-division of the fertilised oocyte obtaining a multicellular 
pre-embryo, wherein at least one of the 
tension below 15% 



steps a), or b) is conducted at an oxygen 



The concentration of oxygen in the atmc isphere is normally 20-21% The 
mammalian gametes and embryo are normally located within the genital tissue or in 
the cavity of the female uterus Nevertheless it has been found herein that having at 
least penodically communication wrth th 5 atmosphere conditions outside the internal 
organs, by lowenng the oxygen tension certain steps of the IVF procedure or 
lowering the oxygen tension of all the IVF steps, an improvement of the quality of 
the gametes and of the embryos may be obtained 



Cuitunng mammalian gametes, in vrtro 
including the atmosphere with an oxygeh 
hamper the gametes and eggs Lowering 
and 15%, it is the intention that a higher amount 
blastocyst stage One of the problems 
vrtro fertilisation techniques is thought to 
reactive oxygen species preliminary 
supplemented dunng sperm preparation 



fertilised oocytes or embryos in conditions 
concentration of 20-21%, is thought to 
the oxygen level to a level between 1% 
of the embryos may reach the 
human in vitro maturation and human in 
be the activation and concentration of free 

from the high oxygen tension and 
and in vitro fertilisations By handling and 
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cultunng the gametes and embryos at lowered oxygen tension, in combination with 
co-culturing the oocytes and spermatozoa we obtained an improvement of the IVF 
method, surpnsmgly the improvement of the IVF method was obtained without 
utilising co-cuftunng with feeder-cells 

In the invention as outlined above, one or more of the steps a), b), c) and d) may be 
performed at a lowered oxygen tension A preferred embodiment of the invention is 
the in vitro oulture method as descnbed wherein at least a part of step a) and at 
least one of the other steps are conducted at an oxygen tension beJow 15 % In one 
embodiment step a) and b) are performed at a lowered oxygen tension A further 
preferred embodiment is said method wherein at least 3 of the steps a), b), c) and d) 
are conducted at an oxygen tension below 15 % In another embodiment of the 
invention, step a), b) and c) are performed at a lowered oxygen tension In yet 
another embodiment of the invention, step b), o) and d) are performed at a lowered 
oxygen tension In a further embodiment step a), o) and d) are performed at a 
lowered oxygen tension In yet a further embodiment all step a), b), c) and d) are 
performed at a lowered oxygen tension 

Another preferred embodiment of sard method is where the oxygen tension of step 
d) is higher as compared to the oxygen tension of any of the other steps b) and c) 

A further preferred embodiment of said method is Where all of the steps a), b), c) 
and d) and the transfer of the embryo to the uterus are conducted at an oxygen ten- 
sion below 20 %, such asl5 %, such as below 13 % ( such as below 1 1 %, such as 
below 10 %, such as below 9 %, such as below 8 %, such as below 7 %, such as 
below 6 %, such as below 5 %, such as below 4 %, such as below 3 %, such as 
below 2 % such as below 1 % 

Monitoring and regulation of the oxygen tension may be conducted by any method 
known to persons skilled in the art 

Yet another preferred embodiment of said method is where the conditions include a 
rise in the oxygen tension followed by lowering the oxygen tension Said rise of the 
oxygen tension is at least 2 units, and said nse of the oxygen tension is maintained 
for at least 30 minutes In an embodiment the oxygen tension is at least 0,5 % and 
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maximum 20 %. In particular when allowing maturation of the oocyte a rise in the 
oxygen tension is preferred 

Yet another preferred embodiment of said method is wriere the oxygen tension is 
regulated in accordance to the phase or stage of the cell or cell structure and the 
condition or the quality of the oocyte or the embryo ! 

In an embodiment, the cell culture, ad described herein include co-culture of female 
and male gametes in step b) of the invention The co-culturing may be performed for 
at least 1 minute, such as at least 2 minutee, such as at least 5 minutes, such as at 
least 10 minutes, such as at least 30 minutes, such as at least 1 hour, such as at 
least 2 hours, such as at least 3 hours, such as at least 4 hours, such as at least 5 
hours, such as at feast 1o hours, such as at feast 15 hours, such as at least 20 
hours, such as at least 25 hours, such as at least 30 hours, such as at feast 35 
hours, such as at least 40 hours, such as at least 45 hours, such as at least 50 
hours 

The purpose of the co-cultunng of oocyte and spermatozoa is improved fertilisation 
of oocyte by spermatozoa Furthermore, the culture conditrons are then identical for 
the oocytes and spermatozoa, which also possible leads to an improved fertilisation 

Gametes 

The invention as described above may be performed with any kind of cells capable 
of participating in the formation of an embryo, examples of such cells comprises 
oocytes and sperm cells of a mammal The mammalian oocyte and mammalian 
spermatozoa is gametes obtained from female and male, respectively, of a mam- 
mal These mammaFs could be. but are not limited to humans, farming animate such 
as cows, pigs, horses, goats, sheeps, deere, other kinds of domestic animals, such 
as dogs, cats, experimental animals, such as rabbits, rats, mrce, monkeys or animal 
races in the risk of extermination or threatened species including but not limited to 
tigers, lions, pandas, gorilla, whales, or other mammals where the pair creation is 
controlled by humans including but not limited to breeding of farming animals, 
breeding of domestio animals or painng of animals living under conditions which 
inhibit the possibilities of the animals to find a mate, such as animals living in a zoo, 
especially to avoid any nsk of inbreeding 
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In a preferred embodiment the mammalian oocyte and mammalian spermatozoa are 
gametes obtained from oows In another preferred embodiment the mammalian oo- 
cyte and mammalian spermatozoa are gametes obtained from pigs Jn yet another 
5 preferred embodiment the mammalian oocyte and mammalian spermatozoa are 
gametes obtarned from horses In a most preferred embodiment the mammalian 
oocyte and mammalian spermatozoa are gametes obtained from humans 

Oocytes 

1 0 In many cases, the oocytes as descnbed above are obtained from a female patient 
who wishes to be pregnant, while the sperm cells are obtained from the male ap- 
pearing to be her husband, or the gametes are obtained from female and male 
which constitute a couple In some cases, however, it may be preferable to use cells 
from a donor either of a female or a male 

15 

In a preferred embodiment the oocyte is obtained as an immature oocyte from the 
female ovarium The oocyte is immature until shortly after it leaves the ovanum In 
the ovarium of a female foetus the pnmary oocyte initiates the prophase of the first 
meiotic division, in this stag© surrounding epithelial oells develop and a pnmordial 

20 follicle forms The primordial follicle with the oocyt in the dictyotene stage between 
prophase and metaphaee of the first meiotic division, constitute a resting stage from 
before birth to at least until puberty, or until the pnmordial follicle reenter the first 
meiotic division The pnmary oocyte still in the dictyotene stage begins to increase in 
size and surrounding follicular cells change from flat to cuboidal as the stage of pn- 

25 mary follicle is entered, followed by development of the zona pellucida between the 
oocyte and the follicular cells A thick cellular layer begins to develop around the 
oocyte and the zona pellucida, inside of this cellular layer fluid filled spaces appear, 
when these spaces coalesce the antrum is formed When the antrum reach its 
maximum size, the follicre is mature, also denoted tertiary follicle, Graafian follicle or 

30 Vesicular follicle, and it has reached a diameter of 6^12 mm As soon as the follicle 
is mature, the pnmary oocyte resumes its first meiotic division, and the first meiotic 
division oocure shortly before ovulation The secondary meiotic division starts im- 
mediately followed the first meioto division, and the moment the secondary oocyte 
shows the spindle formation, ovulation occurs and the oocyte is shed from the 
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ovary At the time just before ovulation the mature follicle has a diameter of about 15 
mm The second meiotic division is completed only if the oocyte is fertilised 



In another preferred embodiment the oocyte is obtained from a primary ovarian folh- 
5 cle, secondary ovanan follicle, preantral ovanan follicle, early antral follicles or antral 
follicles A preferred embodiment of the invention is obtaining the oocyte cn the dio 
tyotene stage from the follicle in its fate pnrnordtal stage or primary stage 

The normal ovulating woman will recruit approx 300 of the immature oocytes da- 
10 scribed above for each menstrual cycle This recruitment takes place before the 

actual cycle At the day of menstruation, around 20-30 immature oocytes will still be 
present Normally, dunng a process of apoptosis all but one oocyte will die before 
ovulation At day 5-1 0 approx 10-15 immature oocytes will be present in their small 
follicles being 10-12 mm in diameter Some still growing and some starting to un- 
1 5 dergo an apoptotsc process Optionally the gametes to be used within this invention' 
are derived from ovarian follicles with a diameter of about 8-12 mm The advantage 
Of such small follicles is that they are present in substantial numbers without severe 
hormonally treatment, they can be seen by ultrasound and an ultrasomcally guided 
transvaginal puncture of the follicles is possible to perform in order to retneve the 
20 oocyte 



The oocyte can be obtained from the ovarium by aspiration into a needle Oocyt 
harvest is usually accomplished by one of two general methods The first, ultra- 
sou nd-gutded aspiration, is a minor surgical procedure that can be done with intra- 

25 venous analgesia Usually, the ultrasound probe is inserted through the vagina The 
probe emits high- frequency sound waves which are translated into images of the 
pelvic organs that are shown on a monitor soreen When a mature follicle is identi- 
fied, the specialist guides a needle through the vagina and into the follicle The egg 
is removed through the needle by a suction device This is called aspiration The 

30 needle may also be guided through the abdominal wall or through the bladder into 
the follicle These approaches may be necessary if the ovary and its follicles are 
inaccessible using a needle introduced through the vagina Laparoscopy is a surgi- 
cal procedure usually requmng general anesthesia In the operating room, a sur- 
geon inserts a laparoscope, a long, thin tube much like a telescope, through an inci- 

35 sion below or in the woman's navel Looking through the laparoscope, the surgeon 
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guides the needle through the abdominal wad into the ovarian follicle The eggs and 
follicular fluid are then aspirated 

In another embodiment of the invention, the oocyte is obtained from the ovarium by 
5 removing part of or the entire ovarian tissue containing pnmary-, secondary or antral 
follicles and obtaining the containing primary-, secondary or antral follicles from said 
ovanan tissue The oocyte can be obtained from the ovanan tissue just following 
removing the ovanan tissue from the female, and further matured until the stage for 
insemination The oocyte can also be cooled or frozen followed isolation from the 
10 ovanna tissue and subsequent matured to the stage of insemination The ovarian 
tissue removed from the female can be cooled or frozen before the oocytes are iso- 
lated from the tissue 

In a preferred embodiment, the needle utilised to harvest the oocyte is part of a sy- 
1 5 nnge and the oxygen tension within said needle and said synnge is lower than 15% 
The needle and syringe can constitute an independent unit, easy to handle, and 
where the oxygen tension can be maintained at 15% or lower by a connection to a 
controlling unit The synnge with the oocyte is transported to aseptic conditions 
where the oocyte is transferred to culture medium The aseptic conditions can con- 
20 strtute a laminar air flow bench or a working area of an incubator The oocyte can 
also be transferred to a culture container in a method where the needle of the sy- 
nnge is stuck through a membrane of an incubator and the oocytes are then trans- 
mitted to the culture container without opening of the incubator The needle and sy- 
nnge can also be connected directly to the incubator In this way the oocyte is trans- 
25 ported directly from the ovarium through the needle and a tube to the culture con- 
tainer in the incubator Accordingly, independently of method, it is preferred that the 
obtained oocyte is transferred under lowered oxygen tension 

In one embodiment the oocyte is obtained from a mammal subsequent to treatment 
30 of said mammal with hormones capable of matunng oocytes In general, there is two 
times for harvesting oocytes. A harvest of multiple mature oocytes by treating the 
woman with hormones, or harvesting of immature oocytes without female hormone 
treatment followed by in vitro maturation of the oocytes The method based on hor- 
mone treatment is as follows During ovulation enhancement, drugs are used to in- 
35 duce the patients ovanes to grow several mature eggs rather than the single egg 
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that normally develops each month This phase is often referred to ad enhanced 
follicular recruitment or controlled ovanan hyperstimulation Depending on the pro- 
gram and the patient, drug type and dosage vanes Most often, the drugs are given 
over a period of seven to ten days Drugs currently in use. but not limited to include 
5 clomiphene ortrate, human menopausal gonadotropin (hCG), and a gonodotrapin 
releasing hormone (GnRH) analog called leuprolide Most of these drugs may be 
used alone or in a combination with others 

When the time to harvest oocyte is approaching, the development of ovanan folli- 
1 0 cles, which are fluid-filled sacs where eggs grow are monitored in a process where 
the ovanes are scanned frequently with ultrasound Blood samples are drawn to 
measure the serum levels of estrogen and sometimes luteinizing hoimone (LH) 
Estrogen production increases as the follicles develop LH triggers ovulation By 
interpreting the results of ultrasound and blood tests, the best time to harvest or re- 
1 5 move the eggs is determined When the follicles are almost mature, about a day and 
a half before ovulation would normally occur, an injection of human chorionic gona- 
dotropin (hCG) is performed Since ovulation should occur approximately 36 hours 
later, the use of hCG allows to control when ovulation will take place The hCG 
simulates the woman's natural LH surge, which nomnally tnggers ovulation This 
20 surge also initiates changes in the eggs that allow fertilisation when the sperm are 
later introduced 

Also immature oocytes can be harvested and utilized in IVF The advantages of 
starting with immature gametes are several A woman in treatment for infertility nor- 

25 mally undergoes a complicated hormonal treatment for many days for gaining a suf- 
ficient number of mature prophase II oocytes for in vitro fertilisation This hormonal 
treatment encompasses pain, discomfort, stress, and risk of ovanan hyperstwnula- 
tron syndrome, a condition feared among patents and (AoctorB This hormonal ther- 
apy is instituted to rescue immature oocytes which will otherwise undergo apoptosis 

30 Thus, these hormones are essential for allowing the immature oocytes to mature 
wrthin the ovary in the substantial number needed for I VP If no hormones are ad- 
ministrated only one oocyte will mature as seen in normal ovulating women By re- 
leasing these immature oocytes from the ovary pnor to initiation of the apoptotic 
processes and mature them further in a clinical defined medium, the woman can 

35 avoid the risk and discomfort associated with hormonal treatment and still have a 



15 



17/06 2002 14 53 FAX . P v_ ^ 



P640DK00 

14 

sufficient number of mature Metaphase II (MF-IJ) oocytes for subsequent IVF treat- 
ment 



In a preferred embodiment the hormone treatment as described above is performed 
5 with gonadotropins Thus the treatment may involve exogenous or endogenous 

hormones, and other agents acting on the FSH or LH recepters In another preferred 
embodiment said hormone is follicle-stimulating hormone (FSH) In yet another 
preferred embodiment said hormones is luteinizing hormone (LH) In a further em- 
bodiment the hormone is denvatives of FSH or LH or endogenous related hor- 
10 mones 



Cryopreservation 

tn one embodiment of the invention, the oocytes obtained as described above are 
stored for later use, this storage is a cryopreservation When harvesting oocytes as 

15 descnbed, multiple oocytes are obtained, not all of these oocytes are subjected to 
the fertilisation process immediately tn one embodiment the oocytes are subjected 
to cooling in a storage process at temperature below 20 degree Celcius, such as 
below 10 degree Celcius, such as below S degree Celcius In another embodiment 
the oocytes are subjected to freeze in a storage process at temperature below 

20 0 degree Celcius, such as about minus 40 degree Celcius, such as about 
80 degree Celcius 



At the end of the IVF cycle there are often multiple embryos available for transfer, 
the surplus of these embryos can be stored as descnbed above It has been found 
25 that transfernng more than four embryos carries a significant risk of multiple preg- 
nancy, while it does not increase the singleton pregnancy rate proportionately The 
acfvantage of cryopreservation is that there may be an increased chance of preg- 
nancy occurrence without the necessity of multiple stimulation cycles and oocyte 
retnevals 

30 

Embryos selected for cryopreservation can be frozen either on the day of fresh em- 
bryo transfer or a succeeding day up to four days later The embryos can be placed 
in a cryopreserved media and frozen in a step-wise manner At the end of cryopre- 
servation procedure the embryos can be stored in liquid nitrogen 

35 
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Spermatozoa 

In the IVF procedure as described above, spermatozoa is necessary to fertilise the 
oocyte The spermatozoa obtained for use in the present invention may be immature 
spermatozoa, such as spermatides, pnmaiy spermatocytes, secondary spermato- 
cytes, or mature spermatozoa from one primary spermatocytes four spermatozoa 
can be obtained through the meiotic divisions comprising first and second meiotic 
division 

Jn an embodiment of the invention the spermatozoa is obtained from a male under 
conditions of an oxygen tension below 15% Sperm cells or semen cells or sper- 
matozoa from the male are frequently obtained by masturbation Another method to 
harvest sperm cells are a surgical procedure, where a needle is guided to the testes 
of the man, and the sperm ceils is aspirated into the needle Yet another method is 
to obtain the spermatozoa by a machine stimulating the ejaculation and collecting 
the spermatozoa solution The sperm can be separated from the seminal plasma in 
a process known as washing the sperm In this process the sperm are mixed with a 
water-based solution in a test tube The test tube is then placed in a centnfuge and 
spun at a high speed The centrifuge force causes the heavier sperm cells to form a 
pellet beneath the fluid layer The fluid layer is carefully removed and replaced with 
fresh solution Over the next hour or so, some of the motile sperm swim up into the 
fluid layer These sperm can be used to inseminate the eggs 

Collection of spermatozoa in male suffenng from severe male infertility, immature 
sperm cells can be recovered either by needle biopsy or microsurgical techniques 
The immature sperm cells and their surrounding Sertoli cell can because of an anti 
apoptotco activity in the medium benefit and mature the sperms It is known that 
apoptosis in the testis is the major factor to detonate sperm function, specifically in 
the infertile man In the males all sperm precursors possessing a tail will be recog- 
nised as Immature Until all cytoplasm has been stnpped of and a final norma] sper- 
matozoa is recognised Immature sperm cells can also be obtained from dead males 
of human or animals Furthermore, if a patient is diagnosed with cancer, testicular or 
ovanan tissue can be dissected out and frozen prior to initiation of treatment that 
might cause sterility such as cytostatic or radiation treatment, with the object of later 
extracting immature gametes from the frozen tissue. These immature gametes can 
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then be finally matured in a chemically defined medium 

In an embodiment the sperm cells has been subjected to cooling pnor to utilization 
in the fertilisation process In another embodiment the sperm cells has been sub- 
5 jected to freeze pnor to utilization in the fertilisation process The cooling and freez- 
ing processes are storage conditions giving the oppurtmities to make use of the 
spermatozoa at a later time 



1 0 The embodiment of the present inventron relate I VF as well as IVM, see definitions 
above In a preferred embodiment the invention relates to IVM By in vitro matura- 
tion of a human gamete an immature human gamete is cultured in a oell culture me- 
dium. The human gamete could thus arise from a male as an immature spermatlde 
or from a female as an immature oocyte It is possible to obtain immature human 

1 5 gametes from women or men in infertility treatment by aspirating and extracting 
these gametes from ovanan or testicular tissue 

Oocytes can be harvested when they are in one of different stages followed by in 
vitro maturation (IVM) In an embodiment the immature gamete is denved from a 
20 follicle In an embodiment said follicle is between 1 and 25 mm in diameter, such as 
between 2 and 18 mm, such as between 3 and 1 3 mm, such as between 5 and 12 
mm, such as between 7 and 1 1 mm, such as between 8 and 10 mm 

In another embodiment the immature gamete is a primary oocyt In yet another em- 
2$ bodiment the immature gamete is in the prophase of the first meiotic division In a 
further embodiment the immature gamete is in the dictyotene stage of the first mei- 
otic division In yet a further embodiment the immature gamete is tn the late stage of 
the first meiotic metaphase In another embodiment the oocyte is obtained from a 
primary follicle In yet another embodiment the oocyte is obtained from a mature 
30 follicle 

In yet another embodiment the immature gamete is selected from pnmrtive oogonia 
or later stags oocytes 
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In an embodiment of the invention, the immature oocytes obtained from the ovary of 
the woman will be recognised as oocytes with a tight cumulus mass, no polar bodies 
or Germinal vesicles visible 

5 In a preferred embodiment the harvested immature gamete are cultured and ma- 
tured up to metaphase II which is associated with a synchronised cumulus-, cyto- 
plasm-, and nuclear maturation Oocyte maturation is the final stage of oocyte de- 
velopment that prepares for fertilisation and embiyo development It can be divided 
into two general processes nuclear maturation and cytoplasmic maturation Nuclear 

1 0 maturation is defined as the resumption of meiosis and progression to MF-ll while 
cytoplasmic maturation is defined as the extragenomic changes that prepare the 
egg for activation, pronuclear formation, and early embryogenesis Thus, by an im- 
mature female gamete is understood an ova that upon contact with a mature sperm 
cell will not complete the mitotic division and thereby not accept the genetic matenal 

16 from the sperm cell and form a fertilised cell By MF-IJ is understood an oocyte with 
1 polar body, expanded cumulus complex and which has finally gone through a 
germinal vesicle break-down These oocytes are readily recognised by a routine 
technician normally handling oocytes for IVF In humans rt has been possible to pro- 
duce oocytes whose nuclear maturation has progressed to MF-ll, but which are in- 

20 competent to complete preimplanlation development The in vitro maturation 

wherein cultunng of the immature gamete from prophase to metaphase II can be 
completed within a penod of 20 to 30 hours 

In this invention the cntena in determining cell-stages is not only the maturation 
25 stage of the nucleus, but afso the oytoplasma and cumulus expansion Another spe- 
cial feature of the present invention is that thB maturation process is finished faster 
Thus, cultunng of the immature gamete from prophase to MF-IJ is completed wrthin 
a period of 10 to 30 hours (such as 24 to 30 hours, i e 24 to 26 hours) This fast 
maturation can minimise the risks of failure in cumulus expansion and cytoplasm 
30 disorders Further, it can minimise the exposure of the oocytes to longer culture time 
in vitro than necessary 

A chemically defined cell culture medium is used for the maturation process de- 
scnbed above The term "chemically defined medium" is to denote a medium with- 
35 out biologically extracted serum substances, and where all components and their 
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concentration are known and described. The term "biologically extracted serum 
substances" includes substances such as immunoglobulins Hormones such as 
growth hormones and gonadotropins are not considered extracted from serum If 
hormones or serum denved substances are to be added to the medium, recombi- 
nant hormones or serum denved substances are preferred 

The advantage of using a medium without biologically extracted serum substances 
is that the nsk of transferring viruses or other pathogen or harmful partioJes to the 
medium and subsequently to the embryo is substantiate reduced or non-existing 
Furthermore, serum probably contains a factor, presently unknown, that inhibits the 
synchronised maturation of the nucleus, cytopfasma and cumulus expansion 

Thus, one aspect of the present invention relates to a method lo avoid infection or 
contamination of a non-fertilisable gamete wrth known and/or unknown rnfectious 
agents (such as prions, viroids, virus, mycoplasma, baotena, fungi) dunng in vitro 
maturation of the non-fertilisable gamete, by cuitunng the gamete in a medium with- 
out components originating from sources at least potentially containing infectious 
agents In a preferred embodiment of that aspect, the method relates to avoiding 
contamination with toxic, teratogenic, oarcinogemo, or mutagenic components 

Examples of media suitable for use in the present invention are* A medium contain- 
ing at least one factor that is capable of synchronising nuclear-, cytoplasma-, and 
cumulus cells maturation In a preferred embodiment, the medium contains synthetic 
lipid or lipid precursor, such as sterol or metabolicafly acceptable derivatives thereof 
This could be cortisone. The advantages of using these compounds are to stabilise 
cell membranes, provide precursors for membrane building, and as a substance to 
be involved in local paracnne steroid production within the cumulus oocyte complex 
Cortisone or derivatives can also be directly involved in stimulating and synchronis- 
ing the final maturation of these immature oocytes 

The basic culture medium should be one that can both support the oocyte as well as 
its cumulus cells It is well known in the art that addition of gonadotropins and/or 
sterord such as E2 to the maturation medium enhances the fertilisability and/or de- 
velopmental ability of e g cattle, monkey, and human oocytes The addition of the 
gonadotropins (FSH and hCG) to human IVM medium has been widely used but 
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thejr optimal concentrations (or absolute neoessrty) have not been fully character- 
ised. The cumulus calls can be considered a type of ©-culture and as with other 
types of somatic cells, they generally require moderately high protein levels in the 
medium It has been suggested that oocytes need to be pnmed with oestrogen in 
5 order to develop Ca++ oscillations The medium of the present invention thus pref- 
erably contains oestrogens in concentrations of 0 1 to 10 mu g/rnL estradiol 17- 
beta , e g 0 3 to 3 mu g/mL estradiol 17- beta , preferably 1 mu g/mL estradiol 
17- beta 

10 In a much preferred embodiment of the present invention, the chemically defined 
medium among other factors contains ATA {Aunn Tncarboxylic Acid) as an antia- 
poptotjc agent The advantage of ATA is that it might provide optimal conditions to 
inhibit apoptotic processes otherwise deteriorating the oocyte maturation Another 
advantage of the presence of ATA is that it allows the concentration of serum de- 

1 5 nved products, such as HS A or BSA to be lowered, such that the concentration of 
the serum denved products is zero 

The usage of an anti-apoptotic agent is preferred due to the fact that the oocyte re- 
trieved already can have engaged in an apoptotic process in the cumulus mass 
20 When apoptosis starts in the oocytMumulus complex, this will signal the start of 
maturation 

However, as this process progresses in the normal ovary, it will induce apoptosis in 
the oocyte By removing the oocyte from the ovary after initiation of the apoptotic 
25 signal, which induces start of maturation, full development will take place in the 
chemically defined medium with e. g ATA to stop further apoptosis 

The medium could be a medium as descnbed in PCT/EP97/06721 hereby incorpo- 
rated by reference As an additive to the medium, is used the additives descnbed in 
30 EP1090300 or W09967365, these are denoted Medi-Cult SSR 4x, Medi-Cult SSR 
4xa, Medi-Cult SSR 4xb, Medi-Cult SSR1 or Medi-Cult SSR2 As the basic medium, 
the preferred medium is Medi-Cult BBEM as described in 6P1 090300 

Apart from the contents of the medium, other factors are important in achieving fer- 
35 tihsable oocytes when cultured in vitro These factors include the timing of the oo- 
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cyte aspiration and the size of the follicles by the time of aspiration 
An early apoptotto phase or an artificial plateau phase in the follicular growth may 
mimic the final preovulatory follicular maturation terms of developmental compe- 
tence 

5 

In vitro maturation of mammalian oocytes is not only related to growth of the follicle, 
but also to the size of the follicles and the oocytes The human oocyte appears to 
have a size dependant ability to resume meiosis and complete maturation A de- 
creased maturation rate and cleavage rate of oocytes obtained from follicles < 8 mm 

10 is observed These results suggest that capacity of human oocyte maturation is 

closely correlated with follicular maturation As mentioned above, the matunng oo- 
cytes retrieved are in an early apoptotic phase Thus, with increasing size of the 
oocytes the risk of obtaining oocytes m a late apoptotie phase, that is close to dead 
cells, increases Based on these experiences, the preferred size of the oocytes re- 

1 5 tneved is less than 1 2 mm, 



In an embodiment of the invention the in vitro maturation are performed at an oxy- 
gen tension below 20%, such as below 15%, for example below 13%, such as below 
1 1 %. for example below 10%, such as below 9%, for example below 8%, such as 
20 below 7%, for example below 6%, suoh as below 5%, for example below 4%, such 
as below 3%, for example belcw 2%, such as betow 1% 

In another embodiment of the invention the in vitro maturation are performed at a 
lowered oxygen tension as desonbed above One culture condition is further a tem- 

25 poral nse in the oxygen tension, where the nse is at least a 1 unit rise in the oxygen 
tension, such as at least 2 units, for example at least 3 units, such as at least 4 
units, for example at least 5 units, such as at least 6 units, for example at least 7 
units, such as at least 8 unrts, for example at least 9 units, such as at least 10 units, 
for example at least 1 1 units, such as at least 12 units, for example at least 13 units, 

30 such as at least 14 units, for example at least 15 units 

In yet another embodiment the nse in the oxygen tension is a maximum of 15 units, 
for example maximum 14 units, such as maximum 12 units, for example maximum 
11 units, such as maximum 10 units, for example maximum 9 units, such as maxi- 
35 mum 8 units, for example maximum 7 units, such as maximum e units, for example 
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maximum 5 units, such as maximum 4 units, for example maximum 3 units, such as 
maximum 2 units, for example maximum 1 units 

In a further embodiment the nee in the oxygen tension is 1 -i 5 units, such as 1 -1 2 
units, for example 1-10 units, such as 1-8 units, for example 1-7 units, such as 1-6 
units, for example 1-5 units, such as 1-4 units, for example 1-3 units, such as 1-2 
units 

In general the nse in oxygen tension is conducted for at least 5 minutes, such as at 
least 1 0 minutes, for example at least 20 minutes, such as at least 30 minutes, such 
as at least 45 minutes, for example at least 1 hour, such as at least 1 hour, for 
example at least 2 hours, such as at least 2Vfe hours, for example at least 3 hours, 
suoh as at least 4 hours, for example at least 5 hours, such as at least 6 hours, for 
example at least 7 hours, such as at least 8 hours, for example at least 9 hours, 
such as at least 10 hours 

The media discussed above may also be used for cultunng immature sperm precur- 
sor cells from the testis 

IVM is further described in WO 9967365 and US application 20010028878 

In an embodiment of the invention, immature spermatozoa are cultured to maturity 
This in vitro maturation of spermatozoa is performed at an oxygen tension below 
20%, such as below 15%, for example below 13%, such as below 11%, for example 
below 10%, such as below 9%, for example below 8%, such as below 7%, for ex- 
ample below 6%, such as below 5%, for example below 4%. such as below 3%, for 
example below 2%, such as below 1% 

In another embodiment of the invention the in vitro maturation of spermatozoa are 
performed at a lowered oxygen tension as desonbed above One culture condition is 
further a temporal rise in the oxygen tension, where the rise is at least a 1 unit nse in 
the oxygen tension, such as at least 2 units, for example at least 3 units, such ae at 
least 4 units, for example at least 5 units, such as at least 6 units, for example at 
least 7 units, and the nse in oxygen tension is conducted for at least 5 minutes, such 
as at least 10 minutes, for example at least 20 minutes, such as at feast 30 minutes, 
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suoh as at least 45 minutes, for example at fBast 1 hour, such as at feast 1% hour, 
for example at least 2 hours, such as at least 2te hours, for example at faast 3 
hours 



10 



Fertilisation 

When oocytes are harvested they can be conducted to in vitro maturation as de- 
scnbed above, cultured for a period or be fertilised immediately In an embodiment 
of the invention these cultures are performed at an oxygen tension below 20%, such 
as below 15%, for example below 13%, such as below 11%, for example below 
10%, such as below 0%, tor example below 8%, such as below 7%, for example 
below 6%, such as below 5%. for example below 4%. such as below 3%. for exam- 
ple below 2%, such as below 1% 



15 



In another embodiment of the invention the cultures are performed at a lowered 
oxygen tension as descnbed above 
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An example of the above desonbed change in the oxygen tension is an oocyte 
which is cultured at an oxygen tension of 5%, the oxygen tension is increased to 
15% for a period, and then lowered to 12% 

The harvested eggs are examined in a laboratory and each is graded for maturity as 
descnbed below The matunty of an egg determines when the sperm will be added 
to it (insemination) Insemination can be done immediately upon harvest, after sev- 
eral hours, on the following day, or after maturation of immature oocytes 

In a preferred embodiment of the invention the oocytes and spermatozoa are co- 
cultured that is cultured together in a culture dish In another embodiment the co- 
cultunng can be conducted with feeder cells These co-culturmg either with or with- 
out leeder-ceHa oan be performed at an oxygen tension below 20%, such as below 
15%, for example below 13%, such as below 11%, for example below 10%, such as 
below 9%, for example below 6%, such as below 7%, for example below 6%, such 
as below 5%. for example be/ow 4%, such as below 3%, for example below 2%, 
such as below 1% 
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In an embodiment of the invention the co-culture with or without feeder cells per- 
formed at a lowered oxygen tension further include a temporal nse in the oxygen 
tension, where the nse is at least a 1 unit nse in the oxygen tension, such as at least 
2 units, for example at least 3 units, such as at least 4 units, for example at least 5 
units, such as at least 6 units, for example at least 7 units, and the nse in oxygen 
tension is conducted for at least 30 minutes, such as at least 45 minutes, for exam- 
ple at least 1 hour, such as at least V/& hour, for example at least 2 hours, such as 
at least 2)6 hours, for example at least 3 hours 

A number of 5^000 to 500,000 sperms per egg are co-cultured It can take about 1 8 
hours for fertilisation to be completed, and about twelve hours later the fertilised cell 
or pre-embryo divides into two cells After 48 hours, when pre-embryos usually con- 
sist of two to four cells each, they are ready to be placed into the womarfs uterus 
TTiis procedure is known as embryo transfer 

In a preferred embodiment the fertilisation is conducted at an oxygen tension below 
20%. such as below 15%, lor example below 13%, such as below 11%, for example 
below 10%, such as below 9%, for example below 8%, such as below 7%, for ex- 
ample below 6%, such as below 5%, for example below 4%, such as below 3%, for 
example below 2%, suoh as below 1% 

In an embodiment of the invention the fertilisation performed at a lowered oxygen 
tension further include a temporal nse in the oxygen tension, where the nse is at 
least a 1 unit nse in the oxygen tension, such as at least 2 units, for example at least 
3 units, such as at least 4 units, for example at least 5 units, such as at least 6 units, 
for example at least 7 units, and the nse in oxygen tension is conducted for at least 
30 minutes, such as at least 45 minutes, for example at least 1 hour, such as at 
least m hour, for example at least 2 hours, such as at least 214 hours, for example 
at least 3 hours 

In a preferred embodiment the cultunng of oooyte and spermatozoa includes a step 
for cultunng said immature oocyte under conditions allowing maturation of the oo- 
cyte Said conditions include an oxygen tension below 15 %, such as below 13 %, 
such as below 11 %, such as below 10 %. such as below 9 %, such as below 8 %. 
such as below 7 %, such as below 6 %. such as below 5 %, such as below 4 %, 
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such as below 3 %, such as below 2 %, such as below 1 % The oxygen tension rs 
chosen and changed dunng the culturing in accordance to the optimal in vitro condi- 
tions, but also in consistence with the stage and qualrty of the oocyte 

6 The I VF method concerns wrth the stages of embryogenests from oocyte to em- 
bryos 



The oocyte is the unfertilised egg The oocyte is sitting in the middle of a mass of 
follicular cells that act to protect the egg itself as it moves down the fallopian tube 
10 To reach the egg, sperm must first penetrate this mass (called the cumulus) and 
then they must bore through the rubbery coat that directly surrounds the egg 

The fertilised egg is also called a zygote or 1-cell embryo The egg is enclosed in 
zona pellucida Within the egg, are two smaller concave-looking spherical objects - 
1 6 each of these is a < pro-nucleu$* contnbuted by one parent or tha other and contain- 
ing the parental DNA Within the zona peHuoida sphencal objects oalled 'polar body" 
can be observed The polar body is extruded from the egg proper after fertilisation 
with a second portion of maternal genetic material 

20 The first cell division takes place a day after fertilisation, resulting in the 2-cell em- 
bryo From the i-cell stage of embryogenesis all the way down to the blastocyst 
stage, the embryo is floating freely without a source of nutnents and it is physically 
constrained within the zona pellucida So dunng this entire period, the embryo re- 
mains the same size 

25 

Once again, each of the cells in the embryo divides, resulting in the 4-cell embryo 
At tfus stage, it is still possible for each individual cell to become an entire human 
being If the embryo breaks apart into its four cells at this stage, four identical quad- 
ruplets could develop to birth Although a rare event, there are many known cases 

30 

In the 8-ceH embryo, drfferentiation has still not taken place Each eel! could become 
an entire human being (in theory) Therefore, any cell can be removed at this point 
for genetic diagnosis without any effect on the development of the remaining em- 
bryo. 

35 
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In the blastocyst, the embryo now has about 64 cells The cells are no longer 
equivalent The embryo now has a fluid-filled cavrty and a portion of the embryo 
called the inner cell mass lies on the side of the cavity The half-dozen cells of the 
inner cell mass are the only ones that WUI be used to develop Ihe fetus and child 
5 The remaining cells, the outer cells or surface cells called the trophectoderm, help to 
form the placenta. 

ICSI 

In an embodiment of the invention the oocyte is fertilised with the spermatozoa by 
Intraoytoplasmic sperm injection (ICSI) Intraoytoplasiwc sperm injection is also 
known as direct injection of spermatozoa (sperm) .mo the cytoplasm of the oocyte 
(DISCO), this method can be applied for the purposes of assisting fertilisation in 
human patients The technique combines in vitro fertilisation with microinjection 
technology A female oocyte (egg) is harvested and suitably prepared, a single 
sperm is isolated from a prepared sample into a microinjection needle, and the 
sperm is then injected into the ooplasm of the oocyte In the methods of mtracyto- 
plasmio sperm injection (ICSI), the mature egg is held with a specialized holding 
pipette Then very delicate, sharp and hollow needle rs used to immobilize and pick 
up a single sperm This needle is then carefully inserted through the zona of the egg 
and in to the cytoplasm of the egg The sperm is injected in to the cytoplasm and the 
needle carefully removed. The eggs are checked the next morning for evidence of 
normal fertilisation 
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The importance of cytoplasmic control over developmental competence has been 
descnbed in Ihe immature monkey oocyte Using micromanipulation, ooplasm was 
removed from MF-II oocytes and injected into prophase I oocytes Monkeys receiv- 
ing the oocytes with cytoplasmic transfusion had a sevenfold increase in pregnancy 
rate compared to oocytes without ooplasm injection 

In an embodiment of the invention the oocyte fertilised by ICSI is cultured at an oxy- 
gen tension below 20%, such as below 15%, for example below 13%, such as below 
1 1 %. for example below 10%. such as below 9%, for example below 8%, such as 
below 7%. for example below 6%, such as below 5%. for example below 4%. such 
as below 3%, for example beiow 2%, such as below 1 % 
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Embryo stages 

An embodiment of the invention <s cultunng the fertilised oocyte to an embryo stage 
ready for transfer to the female uterus This is obtained after at least J4 day culture 
following fertilisation of the oocyte, such as at least 1 day, for example at least 2 
S days, such as at least 3 days, for example at least 4 days, such as at least 5 days, 
such as at least 6 days, for example at least 7 days, such as at least 8 days, for ex- 
ample at least 9 days 



a 028 
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The embryo ready to transfer to the uterus can be the two-cell stage, the four-cell 
stage, the six-cell stage, the eight-cell stage, the morula stage, or the blastocyst 
stage, the blastocyst stage, where zona pelluoida is disappeared, or a stage where 
the zona pellucida (embryo shell) of said embryo is opened to help the embryo 
hatch before implantation into the uterus In each of these stages fragments of cell 
debns can be removed from said embryo, and thereby improving the quality of the 
15 embryo 

In a preferred embodiment the fertilised oocyte is cultured to an embryo stage ready 
for transfer to the female uterus es described above, said cultunng is performed at 
an oxygen tension below 20%, such as below 15%, for example below 13%, such 
20 as below 1 1 %. for example below 1 0%. such as below 9%. for example below 8%, 
such as below 7%, for example betow 6%, such as below 5%, for example below ' 
4%, such as below 3%, for example below 2%, such as below 1 % 

In a preferred embodiment the fertilised oocyte is cultured for 2-3 days at an oxygen 
25 tension below 1 3% and to a stage of 4 cells before transferred to the female uterus 

In an embodiment of the invention the zona pellucida is opened by assisted hatching 
using either laser, mechanical force or acid tyrode before the embryo is transferred 
to the female uterus 
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The "quality' of embryos can be assessed in accordance to different sconng sys- 
tems The sconng is determined by size of inner cell mass Also the scoring is de- 
termined by components such as cell number, cell regulanty (regulanty of size), and 
degree of fragmentation There are also other things that are noted about the em- 
bryos appearance, such as muhi-nucleation, presence of vacuoles, granularity. 
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thickness of the shell around the embryo, etc In particular, also total cell number in 
blastocyst is a quality score 

In one soonng system the determinations of 'quality" are not made until about 48 
5 hours (or later) after the fertilisation of the egg By 48 hours ("day 2"), it is preferred 
that at least some of the embryos are at least 3 cells - and preferably 4 cells or 
more They must be at least 2 cells by then - or they have basically "arrested 1 By 72 
houre ("day 3"). it is preferred that some of the embryos are at least q cells - and 
preferably at least a few embryos that have 7 cells or more A fast development is 
10 not a necessity for success, babies has been observed that came from an embryo 
as slow as a 4 cell on day 3, but the chances for pregnancy increase greatly as the 
cell number inoreases 

Embryos with higher cell numbers and regular appeanng cells (blastomeres) and 
15 little or no fragmentation have a higher overair chance of implanting than do their 
counterparts with less cells, more irregularity and more fragmentation 

Embryo quality as seen it under the microscope in the IVF tab gives some reason- 
able ability to predict the chances for pregnancy from an embryo transfer However, 
20 because there are many other contributing factors involved that can not be meas- 
ured, these generalizations do not always apply Some cycles fail after transfemng 3 
perfect looking ernbiyos. and also beautiful babies born after transfemng low grade 
embryos is seen The true genetic potential of the embryo to continue development 
and the quality and receptivity of the utenne lining are really impossible to measure 

25 

Another important vanable that can be overlooked is the embryo transfer technique 
itself A smooth transfer with no trauma to the endometnal lining is essential to give 
the embryos the best chance for continuing with normal development 

30 Ultimately, the only true test of embryo quality is whether it implants and develops 
normally and eventually goes home from the hospital with mom In other words, em- 
bryo grading systems are veiy imperfeot, and a pregnancy test is normally needed 
to tell more about "quality" than the microscope can reveal 
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Most IVF clinics -grade" each embryo using one of many scoring systems, of which 
a few that may be used aooording to the invention is described below 

It j 8 important to evaluate and categorise human oocytes, fertilised ova and cleaved 
embryos dunng advanced fertility treatments due to the fact, that different develop- 
mental stages can be utilised for different procedures etc One embryo score system 
which oan be utilised in this invention is in accordance with the score system of Van 
Abbel et al (1 992) and Ziebe et al , (1 997) 

In this grading system the embiyo is evaluated in accordance to the cleavage stage 
(= bfastomer number) and the amount of anuclear fragments is scored with mor- 
phological cnteria The embiyo at the stage of two cells till the morula stage can 
obtain a scorein accordance to the following list of the morphological criteria 
Score 1.0- Equally-sized symmetrical blastomers. no anuclear fragments 
Score 2 0 Uneven sized blastomers, no anuclear fragments 
Score 2 1 Embryos with less than 1 0% fragmentation 
Score 2 2 Embryos with 10-20% blastomeno fragmentation 
Score 3 0 Embryos With 20-50% blastomenc fragmentation 
Score 3 2 Embryos with more than 50% blastomenc fragmentation 
Score 4 0 Totally fragmentised. 
Soore 5 0 Fertilised, not separated 
Score 6.0 Not fertilised, not Separated 
M Morula. 
B1 Early blastocyst 
B2 Dcpanding blastocyst 
B3* Expanded blastocyst 

Bn1 Normal cavity, normal cells 

Bn2 Normal cavrty, granular or dark cells 

Bn3 Anormaf cavity 
HB1 Hatching blastocyst 
HB2 Hatched blastocyst 

In an embodiment of the mvenlion the cultunng of the embiyo resurt ,n an embryo 
with 3-5 blastomers and the score selected among 1.0, 2 0. 2 1 and 2 2 
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In another embodiment of the invention the cultunng of the embryo result in an em- 
bryo with 4 blastomers and the score selected among 1 0, 2 0 and 2.1 

It has been suggested, that not alone the stage of the ambryo and the degree of 
fragmentation are important for selection of embryos Also the following has to be 
taken into account 1) the thickness and vanabilrty of the thickness of the zona pel- 
lucida Not only is zona hardening due to the in vitro conditions a problem for the 
embryo A thin or variable thinning of the zona pellucida might be associated with a 
better pregnancy chance This t$ probably because the trophoblastic cell can better 
penetrate a thin zona dunng hatching then a thick hard zona 2) the type and dtstn- 
bution of the fragments An even distnbution of fragments in an embryo might dis- 
turb several junctions between all blastomeres and hereby jeopardise the function of 
the embryo If fragments are assembled in one area this disturbance of the embryo 
is not that severe 3) the timing of the cleavages of the embryo The fastest normal 
dividing embryo may also possesses the best chance of giving offspring In accor- 
dance to this, the best embryos for transfer will be the embryos wrth the lowest 
score according to Van Abbel, the embryo has cleaved normally according to the 
time of transfer (i e 4-ceris for transfer at day 2 post fertilisation), a variable thick- 
ness of the zona pellucida, and if fragments are present, than choose embryos wrth 
localised fragments 

In another sconng system the embryos transferred to the female uterus obtain a 
cumulative embryo score (CES) (Joesbury et al . 1 998) In this soonng system the 
embryos are graded on the second day following insemination and just prior to 
transfer Grading is based on granularity and symmetry of the blastomers, frag- 
mentation and rate of development A hypothetically perfect embryo is graded a 
maximum of 4 0 points wrth 0 5 or 0 1 point deducted in accordance with the degree 
of deviation from the optimum for each morphological parameter 
A zygote is graded 1 point 

An embryo wrth equally sized and symmetncally blastomers is graded 4 points 
An embryo with unequally sized blastomers and less than 10% fragmentation is 
graded 3 points 

An embryo with 10-50% fragmentation is graded 2 points 

An embryo with more than 50% fragmentation is graded 1 point 
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The score of each embryo is obtained by multiplying the grade of each embryo se- 
lected for transfer by the number of blastomers of that embryo 
Embryos developing faster than the 'ideal' growth rate can have pregnancy out- 
comes that are poorer than embryos that exhibit a "normal 1 growth pattern To ac- 
S count for the potential infenonty of fast-developing embryos, the calculation of CES 
is performed by an embryo at the 5-cell stage award 3 pornts for number of celJs and 
for 6-, 7-, or 6-ceJf embryo 2 points for number of cells are awarded 
The highest sconng embryos are selected for utenne transfer The collective quality 
of embryos selected for transfer is based on the cumulative embryo score (CES), 
1 0 which entail multiplying the score of each embryo selected for 

In an embodiment of the invention the embryos are cultured to a 3-5 cell stage with 
10- 50% fragmentation, thus the embryo is awarded 6-7 points 

In another embodiment of the invention the embryos are cultured to a 3-5 cell stage 
1 5 with less than 1 0% fragmentation, thus the embryo is awarded 7-8 points 

In a preferred embodiment of the invention the embryos are cultured to a 4 cell 
stage with less than 10% fragmentation, thus the embryo is awarded 8 points 

20 In a third sconng system, a Graduated Embryos Score (QES) is obtained for each 
embryo (Fisch et al f 2001 ) The GES system awards a total possible score of 1 00 
points, based on three evaluations occunng at 16-18, 25-27 and 64-67 hours post 
insemination 
First evaluation, 16-18 h 

25 Nucleoli aligned along pronuclear axis award a score of 20 
Second evaluation, 25-27 h 

Cleavage regular and symmetrical award a score of 30 
Fragmentation absent award a score of 30 
Fragmentation less than 20% award a score of 25 
30 Fragmentation above 20% award a score of 0 
Third evaluation, 64-67 h 

7 cells, grade I or 8 cells, grade I or 8 cells, grade II or 0 cells, grade I award a score 
of 20 

7 cells, grade II or 9 cells, grade II or 1 o cells, grade I or 1 1 cells, grade I or com- 
35 paotmg, grade I award a score of 10 
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Where grade I is symmetrical Westerners and absent fragmentation, grade II is 
slightly uneven blastomeres and less than 20% fragmentation 
The score of each evaluation time is multiplied for an embryo yielding a total soore 
for said embryo The maximum score of an embryo is 100 

5 

In an embodiment of the invention, the embryos are cultured to a 7-9-cell embryo 
64-67 hours after insemination and obtain the score of 60-1 00 according to the GES 
scoring system. 

1 0 In another embodiment of the invention, the embryos are cultured to an embryo of 7 
cells, grade I or 8 cells, grade I or 8 cells, grade II or 9 cells, grade f 64-67 hours 
after insemination and obtain the score of 70-100 according to the GES sconng 
system 

15 In a preferred embodiment of the invention, the embryos are cultured to an embryo 
of 7 cells, grade I or 8 cells, grade I or B cells, grade fl or 9 cells, grade I 64-67 hours 
after insemination and obtain the score of 80-100 according to the GES scoring 
system 

20 Any other sconng system correlating embryo quality to pregnancies may be used for 
determinating the embryo quality 

In the development of an embryo the stage of a blastocyst is reached A blastocyst 
is an embryo that has developed for five to seven days after fertilisation At this point 

25 the embryo has two different cell types and a central cavity It has just started to 

differentiate The surface cells, called the trophectoderm, will become the placenta, 
and the inner oells, called the inner cell mass, win become the fetus A healthy 
blastocyst should begin hatching from its outer shell, called the zona pellucida by 
the end of the sixth day Within about 24 hours after hatching, it should begin to im- 

30 plant into the lining of the mother's uterus 

Microscopic examination of the oocyte may detect abnormalities such as vacuoliza- 
tion, cytoplasmic inclusions, and clustering of organelles These oocytes will have a 
poor likelihood of yielding embryos of normal potential It is known that oocytes may 
35 have nuclear or cytoplasmic abnormalities that are not visible in the clinical setting 
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by light microscopy The most common genetic oocyte abnormality results from an 
error in chromatid segregation in the first meiotic division The oocytes with poor 
quality is discarded, while the oocytes with good quality is cultured 

Embryo transfer 

In most in vitro fertilisation programme embryos are transferred to the uterus 2 days 
after fertilisation (4-8 cells) One view is that the use of embryos at this eariy stage 
may contnbute significantly to the low pregnancy outcome of IVF programs, and that 
it is more desirable to use embryos at the blastocyst stage reached at day 6-7 of 
culture The advantages suggested include improved synchronisation between em- 
bryo and uterus and the ability to select better quality embryos over the longer cul- 
ture penod Blastocyst transfer may also help reduce the number of multiple births 
resulting from IVF. through allowing the selection of fewer numbers of highly com- 
petent embryos per transfer 

Implantation of the embryo into the uterine wall thus occurs 2-1 0 days after fertilisa- 
tion Within implantation, the embryo connects to the maternal blood supply and is 
now able to grow At implantation, the woman's body becomes pregnant for the first 
time Pnor to implantation, the body is unable to detect the difference between an 
unfertilised egg (on its way out) or a developing embryo 

One or more pre- embryos suspend in a drop of culture medium are drawn into a 
transfer catheter, which is guided to the cervix and deposits the fluid into the uterine 
cavity One or more embryos may be transferred during this procedure 

The blastocyst culture and transfer procedure for in vitro fertilisation is another 
method for transfer of embryos to the uterus of the mother With blastocyst embryo 
transfer, fewer embryos can be transferred - reducing nsks for multiple pregnancy - 
while keeping overall pregnancy rates high 

The ultimate goal of m vitro fertilisation (IVF) and embryo culture is to provide high 
quality embryos which are capable of continued normal development and result in 
bve births However, under standard IVF culture conditions, only about 20-40% of 
human embryos will progress to the blastocyst stage after 5 days of culture This low 
rate of embryo development is the result of a less than optimal culture environment 
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for the embryos For this reason, embryos have usually been transferred into the 
uterus after only 2-3 days of culture 

One problem with this is that 2 to 3-day-old embryos are normally found in the fallo- 
pian tubes, not in the uterus The embryo first moves into the uterus at about 80 
hours after ovulation The implantation process begins about 3 days later - after 
blastocyst formation and hatching have occurred Therefore, if tn vitro culture condi- 
tions could be improved so that blastocysts formed at a higher rate, then embryos 
could be placed into the uterus at the blastocyst stage - at a more "natural" time, 
and shortly before implantation should occur 

Transferring blastocysts following IVF also provides another benefit - reduction of 
the possibility of multiple pregnancy Some 2 or 3-day-old embryos do not have the 
capacity to become high quality blastocysts and a viable pregnancy However, on 
day two or three of culture we do not have reliable methods to determine which em- 
bryos will be viable long-term By cultunng embryos to the blastocyst stage we have 
more opportunity to choose the most competent ones for transfer We can then 
transfer fewer embryos and obtain high pregnancy rates wrth less nsk for high order 
(triplets or higher) multiple pregnancy 

In an embodiment the step a) is conducted at an oxygen tension below 15% and 
with other conditions as desenbed herein above 

In an embodiment the step b) is conducted at an oxygen tension below 15% and 
with other conditions as desenbed herein above 

In an embodiment the step a) and b) are conducted at an oxygen tension below 
15% and with other conditions as desenbed herein above 

In an embodiment the step a) and c) are conducted at an oxygen tension below 1 5% 
and wrth other conditions as desenbed herein above 

In an embodiment the step a) and d) are conducted at an oxygen tension below 
1 5% and with other conditions as described herein above 
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In an embodiment the step b) and c) are conducted at an oxygen tension below 15% 
and with other conditions as described herein above 

In an embodiment the step b) and d) are conducted at an oxygen tension below 
5 15% and with other conditions as described herein above 

In an embodiment the step a), b) and c) are conducted at an oxygen tension below 
15% and with other conditions as descnbed herein above 

10 In an embodiment the step a), b) and d) are conducted at an oxygen tension below 
15% and with other conditions as descnbed herein above 

In an embodiment the step a), c) and d) are conducted at an oxygen tension below 
15% and with other conditions as descnbed herein above 

15 

In an embodiment the step b). c) and d) are conducted at an oxygen tension below 
15% and with other conditions as descnbed herein above 

In an embodiment the step a), b) r c) and d) are conducted at an oxygen tension be- 
20 low 1 5% and with other conditions as described herein above 

Culture conditions 

The in vitro culture method including the steps a), b), c) and d) and the transfer of 
the embryo to the uterus as described above are conducted under aseptic oondi- 
25 tions Media and instruments are sterilised before use 

The oxygen tension can be lowered as descnbed formerly where the cultures can be 
conducted to oxygen tension below 20 %, such asi 5 %, such as below 1 3 %, such 
as below 1 1 %, such as below 1 0 %, such as below 9 %, such as below 8 % t such 
30 as below 7 %, such as below 6 %, such as below 5 % ( such as below 4 %, such as 
betow 3 %, such as below 2 %, such as below 1 %. The oxygen tension is regulated 
by adding oxygen, nitrogen, carbon dioxide, helium or another inert gas or a mixture 
of two or more of these gasses to the environment of the in vrtro culture 

35 A preferred embodiment of the invention is the cultunng conditions of oocyte, sper- 
matozoa and embryo comprising a temperature of 30-45 degree C, such as 32- 
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42 degree C, such as 34-40 degree C, such as 36-33 degree C, such as 36,5- 
37,5 degree. C, such as about 37 degree. C In a preferred embodiment the cultur- 
ing conditions of oocyte, spermatozoa and embryo comprises a temperature of 
about 37 degree C 

Unfortunately in standard culture media the meyonty of embryos (about 75%) fail to 
develop beyond the 4-8 cell stage Nevertheless with certain clinical indications im- 
plantation of human embryos is performed at the blastocyst stage despite the low 
proportions of embryos that develop to blastocyst Some studies have used co- 
culture techniques whereby embryos are co-cultured with feeder cells, for example 
Vero cells, which technique can more than double blastocyst formation There have 
been a number of studies using these co-culture techniques which have shown in- 
creased implantation rates after blastocyst transfer, particularly in women with re- 
peated previous implantation failures 

Some of the difficulties in assisted reproduction technologies can be overcome by 
co-cultunng sperm, oocytes and embryos with cell feeder layers However, co- 
cultures are of variable quality and vanable reliability and add the risk of pathogen 
transfer from the feeder cells to the gametes or embryos that are to be transferred 
back to living animals or humans In a preferred embodiment the oocyte and sper- 
matozoa are co-cultured without cell feeder layer 

Small scale in vitro production, i e maturation, fertilisation, growth, propagation etc 
of sensitive cells and tissues is usually effected in receptacles like small culture 
flasks, petri- or welJ-dishes provided with the culture medium and the necessary 
initial cells or tissues The receptacles are then placed in an incubator which provide 
for a selected constant temperature and an environing atmosphere containing the 
gases necessary for development and/or maintenance of the particular cells or tis- 
sues concerned In particular the necessary gases comprise humidrty (i e water 
vapor), free oxygen <02) and carbon dioxide (C02) in specific proportions and lev- 
els 

In an embodiment of the invention the oocyte and spermatozoa are cultured in me- 
dium known to the person skilled in the art This may be a single medium or different 
media according to the stage of the oocyte or spermatozoa The oooyte and sper- 
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matozoa may also be cultured in medium modified to the conditions off lowered oxy- 
gen tension The modification may be physical of chemical, rn the latter case e g by 
utilising an oxygen molecule earner or a catafase 

An embodiment of the invention is to apply culture conditions for the oocyte and 
embryo to provide formation of an increased number of inner oells of the embryo. 
An increased number of inner cells constitute an embryo of better quality 

Another embodiment of the invention is cuitunng oocyte and spermatozoa and 
transferring the resulting pre-embryo to the uterus of a mammalian female, more 
precisely to the utenne tube of the female uterus Said transfer may follow a femate 
hormone treatment Hopefully said transfer lead to pregnancy of the female 

The method desenbed improves the frequencies of succesfull embryo transfer to the 
female uterus bringing along an increased frequency of pregnancies In this way the 
treatment of childlessness is optimised 

When co-cuJtunng of oocytes and spermatozoa are performed at an oxygen tension 
below 15% this brings about gametes and pre-embryo of a better quality Also oo- 
cultunng of oocytes and spermatozoa at vanable oxygen tension below 15% bnngs 
about gametes and pre-embryo of a better quality Gametes and pre-embryo of 
better quality improve the treatment of childlessness 

A possibility when using ihe method is co-cultunng of oocytes and spermatozoa 
performed at vanable oxygen tension below 15% bringing about gametes and pre- 
embryo of a better quality and hereby improving the number of inner cells and opti- 
mising the cultivation of stem cells 

The improved quality of embryos when cuitunng as desenbed above may increase 
the success of embryo transfer from about 20% to at least 25%, such as at least 
30%, for example at least 35%, such as at leaat 40% 
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Incubator 

The cultunng of oocytes, spermatozoa and embryos as described above herein or 
other biological materials such as cell culture or tissue culture, can be performed in 
an incubator 

5 

The incubator of this invention provide controlled environment for maintaining cell 
cultures such as oocytes, spermatozoa and embryos in vitro during cultunng, 
examination and manipulation More particularly the incubator can eliminate 
conditions which may be toxic or hampenng to the cell culture systems 

10 

An embodiment of the invention includes a system capable for in vitro producing a 
mammalian pre-embryo comprising means for obtaining a mammalian oocyte, and 
means for obtaining a mammalian spermatozoa, and an apparatus having at least 
two separate air-tight chambers, for which the oxygen tension of one chamber may 

15 be changed independent of the oxygen tension of the other chamber, one of 6aid 
chambers constitute a mam chamber, said apparatus compnsing at least one en- 
trance port capable of communicating with the means for obtaining the mammalian 
oocyte and/or the mammalian spermatozoa, and an exit port for withdrawal of the 
pre-embryo. as well as a communication port between said at least two chambers 

20 allowing transfer of oocyte, spermatozoa and/or pre-embryo between the chambers 



In an embodiment of the invention the incubator provides means for controlling 
temperature, humidity and O^-concentration It excludes micro organism from the 
environment obtaining aseptic conditions within the incubator, if desired by using 
25 laminar airflow 

The oxygen tension or oxygen concentration within the chambers can be controlled 
The oxygen tension can be determined by sensing means Further the oxygen ten- 
sion can be sustained or changed within the chambers by adding gas such as oxy- 

30 gen, nitrogen, carbon dioxide, helium or another inert gas, or a mixture of two or 

more of these gasses Thus the incubator oontnbute means for adding said gasses 
In the controlling, sustaining and changing of the oxygen tension, said oxygen ten- 
sion within the chambers can be obtained independently in each chamber at a level 
of 0 1 to 21% A preferred oxygen tension can be at a level of 0 5 to 15% The tem- 

35 perature and humidity of the chambers can be measured and regulated by measur- 
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ing means and supplying means in accordance to a predetermined minimum level 
and maximum level of each of the gasses, of the temperature and of the humidity 
The supplying means can constitute means allowing inlet of gas or gas containing 
water (humidity) whereas the supplying means also can constitute heaters or cool- 
5 ers. 



In an embodiment of the system, the gas directed to any chamber of the incubator is 
humidified by circulated through a humidifrcator before entering a chamber of the 
incubator Said gas can also be heated or cooled in a heater or cooler before enter- 
10 ing a chamber of the incubator, 

An embodiment is the system wherein the means for obtaining a mammalian oocyte 
is a system with a needle communicating under airtight conditions with a means for 
transfemng from needle to said apparatus, such means for transfemng comprises 
15 syringe and tube 

Another embodiment of the invention is a system wherein the means for obtaining a 
mammalian spermatozoa is a system in which the oxygen tension can be controlled 

20 By performing the invention utilising the above mentioned needle in combination 

with control of oxygen tension, the oocyte can be harvested at conditions including a 
lowered oxygen tension as descnbed above herein 

In an embodiment of the system the temperature of each chamber can be regulated 
25 independently 



In another embodiment of the system the oxygen tension of each chamber is regu- 
lated independently by adding oxygen, nitrogen, carbon dioxide, helium or another 
inert gas, or a mixture of two or more of these gasses simultaneously with removing 
30 gas from the chambers, in the way that the pressure of the atmosphere inside the 
chamber is in accordance with the atmosphere of the outside of the incubator 

In yet another embodiment of the system the pressure of the gasses inside the 
chambers is slightly higher than the pressure of the atmosphere surrounding the 
35 main chamber 
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A high humidity is necessary within the chambers to prevent excessive evaporation 
of the culture media in which the cell cultures such as oocytes, spermatozoa and 
embryos are cultured or maintained A preferred embodiment of the system is an 
incubator wherein the humidrty of each chamber, is independently regulated to a 
level between 50% and 100%, such as between 60% and 99%, for example be- 
tween 70% and 98%, more preferred between 80% and 97%, such as between 70% 
and 96%, for instance between 80% and 95 5%, most preferable between 90% and 
95% 

Most cultures of biologioal matenal are maintained at a temperature of 1 o- 
50 degree C In a preferred embodiment of the invention the temperature in the 
incubator is regulated for the cultunng of oocyte, spermatozoa and embryo com- 
pnsing a temperature pre-selected between 30-45 degree C, such as 32-42 degree 
C. such as 34-40 degree C, such as 36-38 degree C, such as 36,5-37,5 degree C, 
such as about 37 degree C In a preferred embodiment the cultunng conditions of 
oocyte, spermatozoa and embryo compnses a temperature of about 37 degree C 

In another embodiment the temperature of each chamber of the incubator is con- 
trolled and regulated independently in accordance to the above mentioned tem- 
peratures, in a way where a heater is turned on if the temperature is lower than 2 
degree of a pre-selected temperature A cooler may turn on if the temperature is 
higher than 2 dpgree of a pre-selected temperature The heater or cooler turn off 
when the pre-selected temperature within the actual chamber is reached 

In a preferred embodiment of the system the entrance port and the exit port is com- 
brned to a single opening means, such as a door 

In a more preferred embodiment of the system the entrance port and the exit port is 
combined in a means for transporting cell cultunng means and equipment to and 
from the outer chamber Preferred is a system wherein said combination of the en- 
trance port and the exit port is an air lock More preferred is a system wherein the 
entrance port constitute an inner door of the air lock and the exit port constitute an 
outer door of the air lock. Also prefferred is a system wherein said air lock compnses 
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walls between the inner door and the outer door constituting a small air-tight cham- 
ber 

In an embodiment of the system the inner door and the outer door of the air lock 
5 only can be opened one at a time in the way that only one door can be open at a 
time, and the openrng of one door can only set going when the other door is totally 
shut No gas inlet in the air lock can be performed when the outer door is open. 

In an embodiment of the system the atmosphere of the air lock can be controlled 
10 and adjusted including contents of oxygen, nitrogen, carbon dioxide, helium or an- 
other inert gas, temperature and humidity The atmosphere of the air lock can be 
regulated through regulahon means by adding oxygen, nitrogen, carbon dioxide, 
helium or another inert gas or a mixture of two or more of these gasses The tem- 
perature and humidity of the air lock can also be regulated through regulation means 
1 5 by activation a heater or cooler or by supplying humidity The regulation of gas con- 
centrations, temperature and humidity can be performed in accordance to meas- 
urements executed by measunng means positioned in the air lock The supply of the 
mentioned gasses can be performed in accordance to a predetermined level, the 
temperature and humidrty can also be regulated in accordance to a predetermined 
20 level In a preferred embodiment the atmosphere in the airlock is regulated to be 

similar to the atmosphere of the main chamber in accordance to gas concentrations, 
temperature and humidity 

In an embodiment of the system the inner door of the air lock only can open when 
25 the conditions including temperature, humidity and contents of oxygen is equal to 
the conditions inside the chamber which the air lock is positioned inside 

In an embodiment of the system a tray is placed in the air lock The tray performs an 
easier entrance and exit for containers, handling objects and other equipment 

30 

Between the working area of the incubator and the outside of the incubator, an 
airlock is positioned, reducing the nsk of aitenng the condttions (temperature, 
humidity, 0 2 -concentration) in the working and depository areas Between the 
airlock and the outside of the incubator is the outer door of the airlock, between the 
35 airlock and the working area of the incubator is the inner door of the airtock All 
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objects and media transported to the working from outside must pass the airlock tn 
the way that the inner door of the air lock is dosed, the outer door of the air lock is 
opened, the objects is placed in the airlock, the airlock is closed The environment in 
the air look is adjusted to similar conditions as in the working area, when said 
5 conditions is obtained, the inner door of the air lock oan be opened, and the objects 
can be transferred to the working area The transport of objects from the working 
area to the outside of the incubator is performed by closing the outer door of the 
airlock, adjusting the arrlock to similar conditions as in the working area, when said 
conditions is obtained, the inner door of the airlock can be opened, and the objects 

10 can be transferred from the working area to the airlook, the inner door of the airlock 
is closed, the outer door of the airlock is opened and the objects is transported to 
the outside of the incubator A controlling mean only permit one door of the airlock to 
be open at a time An alarm comprising a lamp flashing on and off or a sound will 
indicate when the inner part of the arrlock is about to be opened and the conditions 

16 in the airlock is not similar to the conditions in the working area 

In another embodiment of the system a microscope can be placed and used when 
handling the oocytes, spermatozoa and embryos The microscope may be a bin- 
ocular microscope The working area of the microscope where ouftunng dishes to 
monitor are placed is situated rnside the main chamber The microscope extends 
through an aperture in the top of the main chamber preferable in a way making rt 
comfortable for a user working with the cell cultures inside the incubator The aper- 
ture contains sealing means sealrng the annulus between the edge of the main 
chamber and the microsoope thereby minimizing or avoiding leakage between the 
main chamber and the external of the incubator The sealing means may perform 
flexible plastic cuff 



20 



25 



In a preferred embodiment of the system a working area is obtained within the mam 
chamber, the working area comprises a place for cultunng means oontajning the 
30 cultured cell structures, where the cultured cell structures is observed in the micro- 
scope, and said working area compnses room for handling means 

In another preferred embodiment of the system the main chamber compnses open- 
ing means or apertures or hand openings permitting entrance to human to handle 
35 the cell culture or the equipment inside the chambers 
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In an embodiment of the system the opening means or apertures or hand openings 
is attached gloves These gloves are mounted in the way that human hands can fit 
into the gloves and handling the cell culture or the equipment inside the chambers 
5 The glove or the fastening area between the incubator and the glove do not permit 
any molecures to penetrate from the outside to the inside of the incubator or vice 
versa, or at least the penetration of gasses through these openings or apertures is 
minimized by mounting sealing means between the gloves and the main chamber 
wall Handling the Petri dishes inside the incubator is performed by sticking the 
1 0 hands inside the gloves if desired, the surface of said glove which is positioned 
inside the incubator is stenlisBd before use 

To the opening means or apertures sticks, bars or instruments can be attached, said 
sticks, bars or instruments oan be manipulated by fibre optics, and further the cell 
1 5 culture or the equipment to be handled oan be handled by said sticks, bars or in- 
struments 

In an embodiment of the system, the incubator has a door in the rear of the main 
chamber permitting the insertion of larger objects, such as the mioroscope into the 
20 main chamber 

In an embodiment of the system the main chamber has at least one small part of its 
surface replaced with a membrane, said membrane is etenle and has a structure 
through whioh a needle can be stuck through, when the needle is removed said 
25 membrane fills up the area where the needle was stuck through, and no gasses or 
particles can diffuse through the membrane either when a needle is stuck through 
the membrane or no needle is stuck through the membrane 

In an embodiment of the system the at least two separate chambers are arranged 
30 as a main chamber and one or more smaller air-tight side chambers Preferred is a 
system where the smaller side chambers are located inside the mam chamber or 
are attached to the main chamber Also preferred is a system where the smaller 
chambers are air-tight and can be controlled independent of each other and inde- 
pendent of the main chamber according to temperature, humidity, and contents of 
35 oxygen, nitrogen and carbon dioxide. More preferred is a system wherein the 
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smaller chambers constrtute boxes for culture containers containing cefl cultures of 
oooyte, spermatozoa and embryo The boxes constitute culture chambers or storage 
chambers for the cell cultures Also preferred is a system where each box is 
adapted for receiving one culture container containing the cell cultures of oocyte, 
5 spermatozoa and embryo Another preferred system is a system wherein the num- 
ber of the boxes correspond to the number of development stages of the oocyte, 
spermatozoa and embryo 

In an embodiment of the system wherein the cell cultunng is performed comprises 
10 the development stages of at least Immature oocyt, Mature oocyt, Immature Sper- 
matozoa, Mature Spermatozoa, Fertilised oocyt, z cell embryo, 4 cell embryo, 8 cell 
embryo, Morula and Blastocyst 

In an embodiment of the system the oxygen tension and pressure of each chamber 
1 5 or air-tight boxes can be regulated by a computer by retneving an image of the em- 
bryo in said chamber or said air-tght boxes The image is retneved by a camera 
The camera may by manually oonnected to each of the air-tight boxes, or tt moves 
from box to box automatically or a camera is permanently connected to each box 

20 In another embodiment an image of the culture is send to the computer in intervals 
of at least 5 minutes, such as at (east 10 minutes, such as at (east 20 minutes, such 
as at least 40 minutes, such as at feast 1 hour, such as at least 2 hours, such as at 
least 4 hours, such as at least 6 hours, such as at least 8 hours, such as at least 12 
hours, such as at least 1 8 hours, such as at least 24 hours 

25 

In an embodiment of the system the air-tight boxes is portable Preferred is a system 
wrth the air-tight boxes which when removed from the apparatus can be connected 
to means for controlling temperature, humidity, and contents of oxygen, nitrogen and 
carbon dioxide Also preferred is a system wherein the means for controlling tem- 

30 perature, humidity, and contents of oxygen, nitrogen and carbon dioxide is portable 
Further preferred is a system wherein the wall of the boxes contains a membrane 
Yet further preferred is a system wherein the small boxes compnses fastening 
means for fastening one or more cell culture containers Also preferred is a system 
wherein the wall of the cell culture containers contain a sterile membrane In an env 

35 bodiment of the system the small boxes can be transported for at least 6 days 
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In an embodiment of the system the size of the mam chamber constitute a room 
between 1 cm and 2 m of each wall 

5 In another aspect the invention relates to an embryonal stem cell composition The 
method improve the number and quality of inner cell mass of blastocyst, which fur- 
ther gives an improvement of number and quality of stem cells denved from the in- 
ner eel) mass 

10 In an embodiment the stem cells are more stable than convenient stem cells The 
stem cells may be obtained for a period in an undifferentiated stage In an embodi- 
ment said undifferentiated stage Of stem cells are maintained by culture conditions 
including an oxygen tension below 15% 

15 In an embodiment the penod for which the stem cells are maintained in an undiffer- 
entiated stage is at leas! 4 hours, such as at least 8 hours, for example at least 12 
hours, such as at least 24 hours, for example at least 2 days, such as at least 3 
days, for example at least 4 days, such as at least 5 days 

20 Detailed description of the drawings 

Figure 1 illustrates an embryo scoring system The development of an embryo is 

shown from the top, The score or development is as follows* 

Score 1 0 Equally-sized symmetneal blastomers, no anuciear fragments 

Score 2 0 Uneven sized blastomers, no anuciear fragments 
25 Score 21 Embryos with less than 10% fragmentation 

Score 2 2 Embryos with 10-20% bJastomenc fragmentation 

Score 3 0 Embryos with 20-50% btastomenc fragmentation 

Score 3 2 Embryos with more than 50% blastomenc fragmentation 

Score 4 0 Totally fragmentised 
30 Score 5 0 Fertilised, not separated 

Score 6 0* Not fertilised, not separated 

M Morula 

B1 Early blastocyst 

B2 Expanding blastocyst 
35 B3 Expanded blastocyst 
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Bn1 Normal cavity, normal cells, 

Bn2 Normal cavity, granular or dark cetfs 

Bn3 Anormal cavity 



HB1 Hatching blastocyst 
HB2 Hatched blastocyst 

Figure 2 illustrates a cumulative embryo sconng (GES) system This is an example 
of points given to the embryo of different developmental stages Fig 2a is an embryo 
wrth equal number of blastomeres formed and no fragment, and is given 4 points 
Fig 2b is an embryo with uneven number of blastomeres with less than 10% 
fragments, and is given 3 points Fig 2c is an embryo wrth uneven number of 
dissimilar blastomeres and 1 0-50% fragmentation Fig 2d is an embryo wrth scarcely 
recognizable btastomere With >50% fragmentation, and is given 1 pomt 

Figure 3 illustrates an incubator The incubator is equipped with an air-lock, a 
regulator for oxygen, nitrogen, carbon dioxide and other gasses as well as the 
temperature In the incubator a microscope and air tight boxes is placed 



Effect of low oxygen tension on oocyte quality, embryonic development in 
human ova during In vitro maturation, in vitro fertilisation and embryo devel- 
opment 

The following example is conducted at the Section for reproductive biology, at Her- 
tev University Hospital, where currently more than 600 IVF cycles and 200 IVM cy- 
cles per year is earned out A study addressing 2 aspects of human in vitro fertilisa- 
tion treatments is conducted 

1 ) Does low oxygen tension benefits routine IVF 

2) Does tow oxygen tension benefits IVM treatments 

The cultures and handling of all gametes and embryos from the time of oocyte col- 
lection to embryo transfer takes place either in the normal routine laboratories and 
incubators or for the period in the culture box (see description below) 



Example 
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The culture box 

The culture box comprises a sealed culture box with multifunctional porthole sys- 
tems used for operating the in vitro cultures The atmosphere should be a 5% CQ 2 
on a 5% 0 2 m a humidified atmosphere The temperature should be 37 2 degree C, 
5 and the atmosphere and box should be sterile An airlock should be attached 
By using such a system change in oxygen tension and carbon dioxide can be 
avoided, and a better culture results could be expected according to already pub- 
lished data 

10 Study set up 
Study 1 

200 routine IVF cycles are randomly allocated to either culture in the culture box at 
5% oxygen tension in 5% C0 2 or in our routine incubators at 20% oxygen and 5% 

co 2 

15 

This will provide app 600 embryos in each group and the following data are col- 
lected 

No Fertilised ova, 
No Cleaved ova, 
20 Embryo quality. 

No Transferable embryos. 
No Frozen embryos, 
No gestations, 
implantation rate 

25 

Study 2 

100 IVM cycles are randomly allocated to either culture in the oulture box at 5% 
oxygen tension in 5% CO* or in our routine incubators at 20% oxygen and 5% C0 2 

30 This will provide app 100 embryos in each group and the following data are col- 
lected. 

No ova with GVBD 
No MFU oocyte, 
No Fertilised ova, 
35 No Cleaved ova. 
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Embryo quality, 
No Transferable embryos, 
No Frozen embryos, 
No gestations, 
5 Implantation rate 
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Claims 

25 1 A method for in vitro producing a mammalian pre-embryo compnsing the follow- 
ing steps 

a) providing gametes selected from a mammalian oocyte and a mam- 
malian spermatozoa, 

30 

b) cultunng the oocyte and the spermatozoa, 

c) fertilizing the oocyte with the spermatozoa obtaining a fertilized oo- 
cyte, and 
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d) allowing cell-division of the fertilized oocyte obtaining a multicellular 
pre-embryo, 

wherein at least one of the steps a), or b) is conducted at an oxygen tension 
5 below 15 % 

2. The method according to claim 1 , wherein the mammalian oocyte and mam- 
malian spermatozoa are gametes obtained from female and male, respectively, 
of a mammal, such as a mammal selected from the group consisting of cows. 
10 pigs, horses, goats, sheep, dogs, oats r rabbits, rats, mice, tigers, lions, pandas, 

gonlla, whales, and humans 

3 The method according to claim 1 , wherein the mammalian oocyte and mam- 
malian spermatozoa are gametes obtained from cows 

15 

4 The method according to claim 1 , wherein the mammalian oocyte and mam- 
malian spermatozoa are gametes obtained from pigs 

5. The method according to claim 1 , wherein the mammalian oocyte and mam- 
20 malian spermatozoa are gametes obtained from horses 

6 The method according to claim 1, wherein the mammalian oocyte and mam- 
malian spermatozoa are gametes obtained from humans 

25 7 The method according to any of the preceding claims, wherein the oocyte is ob- 
tained from the ovanum 

8 The method according to claim 7, wherein the oocyte is obtained from a primary 
ovarian follicle, secondary ovarian follicle, preantral ovanan follicle, early antral 

30 follicles or antral follicles 

9 The method according to claim 7 to 8, wherein the oocyte is obtained from the 
ovanum by aspiration into a needle 
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10 The method according to claim 7 to 9, wherein the oocyte is obtained from the 
ovarium by removing part of or the entire ovanan tissue containing pnmary-, 
secondary or antral follicles and obtaining the containing primary-, secondary or 
antral follicles from said ovanan tissue 

The method according to cfaim 10, wherein the removed part or entire ovanan 
tissue has been subjected to freezing 

The method according to claim 9, wherein said needle is part of a synnge and 
the oxygen tension within said needle and said syringe is lower than t5% 

The method aocording to any of the preceding claims, wherein the oocyte is ob- 
tained from a mammal subsequent to treatment of said mammal with hormones 
capable of maturing oocytes 

The method according to claim 13, wherein said hormones is follicfe-stimulating 
hormone (FSH) 

1 5 The method according to claim 1 3, wherein said hormones is luteinizing hor- 
20 mone (LH) 

16 The method according to claim 1 to 15, wherein the oocyte has been subjected 
to cooling 

25 17 The method according to cfaim 1 to 1 5. wherein the oocyte has been subjected 
to freezing 

18 The method aocording to claim 1 to 6, wherein the spermatozoa are immature 
spermatozoa or mature spermatozoa compnsing spermatdes or spermatocytes 

30 

19 The method according to claim 18, wherein the immature or mature spermato- 
zoa is obtained from the male under conditions of an oxygen tension below 15% 

20 The method according to claim 18 to 19, wherein the spenmatozoa is obtained 
35 from testicular tissue removed from the male 
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21 The method according to claim 20, wherein the testicular tissue has been sub- 
jected to freezing 

5 22 The method according to claim 1 8 to 21 , wherein the spermatozoa is obtained 
from semen or testicular tissue 

23 The method according to claim 18 to 22, wherein the spermatozoa has been 
subjected to cooling 

10 

24 The method according to Claim 18 to 22, Wherein the spermatozoa has been 
subjected to freezing 

25 The method according to claim 1 to 17, wherein the oocyte is an immature oo- 
15 cyte 

26 The method according to claim 25, wherein said immature oocyte is obtained 
from a follicle 

20 27 The mathod according to claim 26. wherein said follicle is between 1 and 25 mm 
in diameter, such as between 2 and 18 mm, such as between 3 and 13 mm, 
such as between 5 and 1 2 mm, such as between 7 and 1 1 mm, such as be- 
tween 8 and 10 mm 

25 28 The method according to claim 25, wherein the immature oocyte is a pnmary 
oocyt 

29 The method according to claim 25, wherein the immature gamete is in the pro- 
phase of the first meiottc division 

30 

30 The method aocording to claim 25, wherein the immature gamete is in the dio 
tyctene stage of the first msiottc division 

31 The method according to claim 25, wherein the immature gamete is in the late 
35 stage of the first metotic metaphase 
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32 The method according to claim 25 to 31 , wherein cultunng of the immature gam- 
ete up to metaphase II is associated wrth a synchronised cumulus-, cytoplasm-, 
and nuclear maturation 



5 



33 The method according to any of claims 25 to 32, wherein cultunng of the imma- 
ture gamete up to metaphase II is completed within a penod of 20 to 30 hours 

34 The method according to any of claims 25 to 33, wherein step b) includes a step 
1 o for cultunng said immature oocyte under conditions allowing maturation of the 

oocyte 

35 The method according to claim 34, wherein the conditions include an oxygen 
tension below 15 % 



15 



20 



36 The method according to any of the preceding claims, wherein the oxygen ten- 
sion is below 13 %. such as below 11 %, such as below 10 %, such as bBlow 9 
%, such as below 8 %, such as below 7 %, such as below 6 %, such as below 5 
%, such as below 4 %, such as below 3 %, such as below 2 %, such as below 1 



37 The method according to claim 1, wherein step b) comprises co-cuttunng the 
oocyte and the spermatozoa 

25 38 The method according to claim 37, wherein the oocyte and the spermatozoa is 
co-cultured for at least 1 minute, such as at least 2 minutes, such as at (east 5 
minutes, such as at least 10 minutes, such as at least 30 minutes, such as at 
(east 1 hour, such as at least 2 hours, such as at least 3 hours, such as at least 
4 hours, such as at least 5 hours, such as at least 10 hours, such as at least 15 

30 hours, such as at least 20 hours, such as at feast 25 hours, such as at least 30 

hours, such as at least 35 hours, such as at least 40 hours, such as at least 45 
hours, such as at least 50 hours 

39 The method according to claim 37 to 38, wherein the oocyte and the spermato- 
35 zoa is co-cultured with feeder-cells 



53 



17/09 2002 15 05 FAI — ^ pvS W 

P64ODKO0 

52 



40 The method according to claim 37 to 39, wherein the co-cufturing of oocyte and 
spermatozoa results jn fertilization of oocyte by spermatozoa 

5 41 The method according to claim 1 to 36, wherein the oocyte ts fertilised with the 
spermatozoa by Intracytoplasmic sperm injection (ICSI) 

42 The method according to any of the preceding claims, wherein the fertilised oo- 
cyte is cultured to an embryo stage ready for transfer to the female uterus 

10 

43 The method according to claim 42, wherein the stage for transfer of the embryo 
is obtained by least Vk day culture following fertilisation of the oocyte, such as at 
least 1 day, for example at least 2 days, such as at least 3 days, for example at 
least 4 days, such as at least 5 days, such as at least 6 days, for example at 

1 S least 7 days, such as at least 3 days, for example at least 9 days 

44 The method according to claim 42 to 43, wherein the embryo stage is the two- 
cell stage 

20 45 The method according to claim 42 to 43, wherein the embryo stage is the four- 
cell stage 

46 The method according to claim 42 to 43, wherein the embryo stage is the six-ceil 
stage 

25 

47 The method according to olaim 42 to 43, wherein the embryo stage is the eight- 
een stage 

48 The method according to claim 42 to 43. wherein the embfyo stage is the morula 
30 stage 

49 The method according to claim 42 to 43, wherein the embryo stage is the blas- 
tocyst stage 
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50 The method according to olaim 42 to 43, wherein the embryo stage is the blas- 
tocyst stage, where zona pellucida is disappeared 



51 The method according to claim 44 to 50, wherein the zona pellucida of said em- 
S bryo is opened to help the embryo hatch before implantation into the uterus 

52 The method aooording to claim 51 , wherein the zona pelluada is opened by as- 
sisted hatching using either laser, mechanical force or acid tyrode. 

1 0 53 The rnBthod according to claim 42 to 52, wherein fragments of cell debns are 
removed from said embryo 



54 The method according to any of the preceding claims, wherein at least a part of 
step a) and at least one of the other steps are conducted at an oxygen tension 
15 below 15% 



55 The method according to any of the preceding claims, wherein at least 3 of the 
steps a), b), c) and d) are conducted at an oxygen tension below 15 % 

20 56 The method according to any of the preceding claims, wherein all of the steps 
a), b), o) and d) are conducted at an oxygen tension below 15 % 

57 The method according to any of the preceding claims, wherein the oxygen ten- 
sion of step d) is higher as compared to the oxygen tension of any of the other 
25 steps b) and c) 



30 



S3 The method of claim 25 to 35, wherein the conditions allowing maturation of the 
oocyte includes a nse in the oxygen tension followed by lowenng the oxygen 
tension 

59 The method of claim 58, wherein the nse of the oxygen tension is at least 1 unit, 
such as at least 2 units, for example at least 3 units, such as at least 4 units, for 
example at least 5 units, such as at least 6 units, for example at least 7 units, 
such as at least a units, for example at (east 9 units, such as at least 10 units 
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60 The method according to any of the preceding claims, wherein the oxygen ten- 
sion is at least 0,5 % and maximum 21 %, 



61 The method of claim 58 to 59. wherein the nse of the oxygen tension is mam- 

5 tained for at least 5 minutes, such as at least 1 0 minutes, for example at least 20 

minutes, such as at least 30 minutes, such as at least 45 minutes, for example 
at least 1 hour, such as at least 1 hour, for example at least 2 hours, such as 
at least 2% hours, for example at least 3 hours, such as at least 4 hours, for ex- 
ample at least 5 hours, such as at least 6 hours, for example at least 7 hours, 
1 0 such as at least 8 hours, for example at least 9 hours, such as at least 1 0 hours 

62 The method according to any of the preoedmg claims, wherein the oxygen ten- 
sion is regulated in accordance to the phase and the condrtion of the oocyte or 
the embryo 

15 

63 The method according to any of the preceding claims, wherein the cuhunng 
conditions of oocyte, spermatozoa and embryo compnses a temperature of 30- 
45 degree C. such as 32-42 degree C, such as 34-40 degree C, suoh as 36-38 
degree C, such as 36,5-37,5 degree C. such as about 37 degree C 

20 

64 The method according to any of the preceding olaims, wherein the cultunng 
conditions of oocyte, spermatozoa and embryo comprises a temperature of 
about 37 degree C 



25 65 The method according to any of the preceding claims, wherein the oxygen ten- 
sion of the culture is regulated by adding oxygen, nitrogen, carbon dioxide, he- 
lium or another inert gas or a mixture of two or more of these gasses to the envi- 
ronment of the in vitro culture 

30 66 The method according to any of the preceding claims, wherein all of the steps 

a), b). c) and d) and the transfer of the embryo to the uterus are conducted at an 
oxygen tension below 20 %. such as below 15%, such as below 13 %, such as 
below 1 1 %. such as below 10 %, such as below 9 %, such as below 8 %, such 
as below 7 %, such as below 6 %, such as below 5 %, such as below 4 %, such 

35 as below 3 %, such as below 2 %, such as below 1 % 
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67 The method according to any of the preceding claims, wherein all of the steps 
a), b), o) and d) and the transfer of the embryo to the uterus are conducted un- 
der aseptic conditions 

5 

68 The method according to any of the preceding claims, wherein the medium 
contains lipid or lipid precursor, such as sterol or functionally equivalents denva- 
tives thereof 

1 0 69 The method according to any of the preceding claims, wherein the medrum 
among other factors contains ATA (Aunn Tncarboxylic Acid) 

70 The method according to any of the preceding claims, wherein the additives are 
Medi-Cult SSR 4x, Medr-Cult SSR 4xa, Medi-Cult SSR 4xb. Medi-Cult SSR2. or 

15 Medi-CultSSR3 

71 The method according to any of the preceding claims, wherein the cultunng me- 
dia for each stage of development of oocyte or spermatozoa compnses a me- 
dium known to persons skilled in the art 

20 

72 The method according to claim 71 , wherein the medium is modified to the condi- 
tions of lowered oxygen tension The modification may be physical of chemical, 
in the latter case a g by utilising an oxygen molecule earner or a catalase 

25 73 The method according to any of claim 1 to 72, wherein the culture conditions 
provide formation of an increased number of inner cells of the embryo 

74 The method according to any of claim 1 to 73, wherein the cultunng of the em- 
bryo result in an embryo with 3-5 blastomers and the score selected among 1 0, 

30 2 0, 2 1 and 2 2 

75 The method according to any of claim 1 to 73, wherein the cultunng of the em- 
bryo result in an embryo with 4 blastomers and the score selected among 1 0, 
2 0 and 2 1 

35 
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76 The method according to any of claim 1 to 73, wherein the oultunng of the em- 
bryo result m an embryo at the 3-5 cell stage with 10- 50% fragmentation, thus 
the embryo rs awarded 6-7 points in a CES scoring system 

5 77 The method acoording to any of claim 1 to 73, wherein the cultunng of the em- 
bryo result in an embryo at the 3-5 cell stage with less than 10% fragmentation, 
thus the embryo is awarded 7-3 points in a CES sconng system 

78 The method acoording to any of claim 1 to 73, wherein the cuttunng of the em- 
1 0 bryo resuh in an embiyo at the 4 cell stage with less than 1 0% fragmentation. 

thus the embryo is awarded 8 points in a CES sconng system 

79 The method according to any of claim 1 to 73, wheretn the cultunng of the em- 
bryo result in an embryo of 7-9 cells 64-67 hours after insemination and obtain 

15 the score of 60-100 according to the GES sconng system 

80 The method according to any of olaim 1 to 73. wherein the cultunng of the em- 
bryo result in an embryo of 7 cells, grade I or 8 cells, grade I or 8 cells, grade II 
or 9 cells, grade I 64-67 hours after insemination and obtam the score of 70-100 

20 according to the GES scoring system 

81 The method according to any of claim 1 to 73, wherein the cultunng of the em- 
bryo result in an embryo of 7 cells, grade I or 8 cells, grade I or 8 cells, grade If 
or 9 cells, grade f 64-67 hours after insemination and obtain the score of 60-100 

25 according to the GES sconng system 

82 A method for implanting a pre-embryo> comprising cultunng oocyte and sper- 
matozoa as defined in any of claims 1 to 81, and transferring the resulting pre- 
embryo to the uterus of a mammalian female 

30 

83 The method according to claim 82, wherein said embryo is transferred to the 
uterine tube of the female uterus 

84 The method according to claim 82 to 83 wherein said embryo is transferred to 
35 the uterus of a female following a hormone treatment of the female 
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65 A system for in vitro producing a mammalian pre-embryo comprising 

• means lor obtaining a mammalian oocyte, and 

• means for obtaining a mammalian spermatozoa, and 

5 • an apparatus having at least two separate air-tght chambers, for which the 

oxygen tension of one chamber may be ohanged independent of the oxygen 
tension of the other chamber, one of said chambers constitute a main cham- 
ber, 

• said apparatus compnsmg at least one entrance port capable of commu- 
1 0 nicating with the means for obtaining the mammalian oocyte and/or the 

mammalian spermatozoa, and 

• an exit port for withdrawal of the pre-embryo, as well as 

• a communication port between said at least two chambers allowing 
transfer of oocyte, spermatozoa and/or pre-embryo between the cham- 

15 bers 

88 A system according to claim 85, wherein the means for obtaining a mammalian 
oocyte is a system with a needle communicating under airtight conditions with a 
means for transfernng from needle to said apparatus, such means for transfer- 

20 nng comprises synnge and tube 

87 A system according to claim 85, wherein the means for obtaining a mammalian 
spermatozoa is a system in which the oxygen tension can be controlled 

25 88 A system according to claim 85, wherein the atmosphere within the chambers is 
kept aseptic 

89 A system according to claim 85, wherein the temperature of each chamber can 
be regulated independently 

30 

90 A system according to claim 85, wherein the oxygen tension of each chamber is 
regulated independently by adding oxygen, nitrogen, carbon dioxide, helium or 
another inert gas, or a mixture of two or more of these gasses simultaneously 
with removing gas from the ohambers. in the way that the pressure of the air is 

35 in accordance with the atmosphere 
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91 A system according to claim 90, wherein the pressure of the gasses inside the 
chambers is slightly higher than the pressure of the atmosphere surrounding the 
mam chamber 

S 

92 A system aocording to claim 85 to 91, wherein the humidity of each chamber can 
be controlled and regulated to a level between 50 and 1 00% 

93 A system according to claim 85, wherein said entrance port and said exit port is 
10 combined to a single opening means, such as a door 

94. A system according to claim 85. wherein said entrance port and said exit port is 
combined in a means for transporting cell cultunng means and equipment to and 
from the outer chamber 

15 

95 A system according to claim 94, wherein said combination of said entrance port 
and said exit port is an air lock 

96 A system according to claim 95, wherein said entrance port constitute an inner 
20 door of said air lock and said exit port constitute an outer door of said air lock 

97 A system according to claim 96, wherein said air lock compnses walls between 
said inner door and said outer door constituting a small air-tight chamber 

25 98 A system according to claim 97, wherein said inner door and said outer door 

only can be opened one at a time in the way that only one door can be open at a 
time, and the opening of one door can only set going when the other door is to- 
tally shut 

30 99 A system according to claim 98, wherein the atmosphere of said air lock can be 
controlled and adjusted including contents of oxygen, nitrogen, carbon dioxide, 
helium or another inert gas, temperature and humidity 

1 00 A system according to claim 99, wherein said inner door of said air 

35 lock only can open when the conditions including temperature, humidity and 
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contents of oxygen is equal to the conditions inside the chamber which the air 
lock is positioned inside 

101 A system according to claim 85, wherein a microscope can be placed 
5 and used when handling the oocytes, spermatozoa and embryos 

1 02 A system according to claim 85 to 1 01 , wherein a working area is ob- 
tained within said mam chamber, said working area comprises a place for cul- 
tunng means containing the cultured cell structures, where the cultured cell 

1 0 structures is observed in the microscope, and said working area compnses room 

for handling means 

103 A system according to claim 85 to 101. wherein a micro-insemination 
apparatus is placed within the main chamber 

15 

104 A system according to claim 85 to 1 03, wherein the main chamber 
comprises opening means permitting entrance to human to handle the cell cul- 
ture or the equipment inside the chambers 

20 1 05 A system according to claim 1 04. wherein to the opening means is 

attached gloves These gloves are mounted in the way that human hands can fit 
into the gloves and handling the cell culture or the equipment inside the cham- 
bers 

25 1 06. A system according to claim 1 04, wherein to the opening means is 

attached sticks, bars or instruments manipulated by fibre optics, by which the 
cell culture or the equipment can be handled 

107 A system according to claim 85, wherein the main chamber has at 

30 least one small part of its surface replaced with a membrane, said membrane is 

stenle and has a structure through which a needle can be stuck through, when 
the needle is removed satd membrane fills up the area where the needle was 
Stuck through, and no gasses or particles can diffuse through the membrane ei- 
ther when a needle is stuck through the membrane or no needle is stuck through 
35 the membrane 
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1 08 A system according to claim 85 to 1 07, wherein the at least two sepa- 

rate chambers are arranged as a main ohamber and one or more smaller air- 
tight side ohambers 

5 

1 00 A system according to claim 108, wherein said smaller side chambers 

are located inside the main chamber or are attached to the main chamber 

110 A system according to claim 1 09, wherein, said smaller chambers are 
10 air-tight and can be controlled independent of each other and independent of the 

main ohamber according to temperature, humidity, and contents of oxygen, ni- 
trogen and carbon dioxide 

111 A system according to claim 110, wherein said smaller chambers con- 
1 5 stitute boxes for culture containers containing cell cultures of oocyte, spermato- 
zoa and embryo 

112 A system according to claim 1 1 1 , each box is adapted for receiving 
one culture container containing the cell cultures of oocyte, spermatozoa and 

20 embiyo 

113 A system according to claim 1 1 2, wherein the number of said boxes 
correspond to the number of development stages of the of oocyte, spermatozoa 
and embryo 

25 

114 A system according to claim 113, wherein said development stages 
comprises at least Immature oocyt, Mature oocyt, Spermatozoa, Fertilised oocyt, 
4 cell embryo, a cell embryo, Morula and Blastocyst 

30 115 A system according to claim 85 to 1 1 4, wherein the oxygen tension 

and pressure of each chamber or air-tight boxes can be regulated by a computer 
by retrieving an image of the embryo in said chamber or said air-tight boxes 

116 A system according to claim 1 08, wherein said air-tight boxes is port- 

35 able 
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117 A system according to claim 116, wherein said air-tight boxes when 
removed from the apparatus can be connected to means for controlling tem- 
perature, humidity, and contents of oxygen, nitrogen and carbon dioxide 

5 

118 A system according to claim 117, wherein said means for controlling 
temperature, humidity, and contents of oxygen, nitrogen and caibon dioxide is 
portable 

10 119 A system according to daim 1 1 6 to 1 1 8, wherein the wall of said boxes 

contain a membrane 

1 20 A system according to claim 1 1 6 to 1 1 9, wherein the small boxes 
compnses fastening means for fastening one or more cell culture containers 

15 

1 21 A system according to claim 120, wherein the wall of said cell culture 
containers contain a sterile membrane 

122 A system according to claim 116 to 121 , wherein the small boxes can 
20 be transported for at least 6 days 

123, A system according to claim 85, wherein the size of the main chamber 

constitute a room between 1 cm and 2 m of each wall 
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